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transplantation,' to  be  elitninated,  leaving  intact  the  remainder  of  the  immune 
system.  Furthermore,  such  anti -receptor  antibodies  have  the  property  of  • 
triggering  certain  cell  subsets,  and  this  would  facilitate  the  manipulation 
of  specific  clones  of  cells  required  for  protective  immunity  to  infectious 
agents^ 

In  our  previous  technical  reports  we  have  been  able  to  show  that,  in 
animal  models,  antibodies  can  be  prepared  against  cell  receptors  for 
histocompatibility  antigens.  Our  current  work  is  focused  on  applying  these 
model  studies  to  the  human  immune  system. 

Over  the  past  year  we  have  developed  in  vitro  techniques  for  the 
analysis  of  specific  human  immune  responses  to  a  variety  of  antigens 
including  influenza  and  tetanus  toxoid.  These  in  vitro  models  will  allow  us 
to  analyze  in  detail  the  effects  of  anti-receptor  and  anti-cell  interaction 
molecule  antisera  on  specific  immune  responses.  Indeed,  we  report  the  ; 
inhibitory  effect  of  certain  antisera  to  HLA-DR  antigens  on  tetanus  toxoid 
and  influenza  virus  specific  responses.  In  the  rodent  and  also  in  the  human 
we  have  analyzed  the  effect  of  anti-T  cell  and  anti -la  (DR)  antisera  on 
mixed  lymphocyte  responses,  ie.  responses  to  foreign  histocompatibility 
antigens. 

The  analysis  of  cell  interaction  molecules  has  focused  on  the  physico¬ 
chemical  analysis  of  helper  and  suppressor  factor  molecules,  and  on  the 
ability  of  antisera  against  cell  surface  structures  to  bind  and  manipulate 
the  functional  reactivity  of  helper  factor  molecules.  Finally,  T  cells 
specific  for  HLA-D  and  DR  antigens  as  well  as  influenza  virus  specific  T 
cells  have  been  formally  cloned  providing  us  with  an  expanded  population 
of  homogeneous  cells  with  which  to  develop  anti-idiotype  reagents. 

Future  studies  will  continue  with  the  development  of  biological  reagents 
that  recognize  cell  surface  structures  and  cell  interaction  molecules,  and  to 
study  the  effect  of  these  reagents  on  specific  irrr  ine  responses. 
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A.  ABSTRACT 


In  order  to  successfully  treat  individuals  exposed  to  ionizing  irradiation 
using  bone  marrow  transplantation,  ways  must  be  developed  that  will  allow  us  to 
regulate  both  recipient  and  donor  immune  responses,  and  to  specifically  delete 
clones  of  harmful  cells.  Under  this  contract,  antibodies  are  being  developed 
that  recognize  specific  cell  surface  structures  and  receptors  as  well  as  cell 
interaction  molecules.  These  reagents  will  allow  specific  clones,  such  as 
those  involved  in  inducing  graft  versus  host  disease  in  bone  marrow 
transplantation,  to  be  eliminated,  leaving  intact  the  remainder  of  the  immune 
system.  Furthermore,  such  anti -receptor  antibodies  have  the  property  of 
triggering  certain  cell  subsets,  and  this  would  facilitate  the  manipulation  of 
specific  clones  of  cells  required  for  protective  immunity  to  infectious  agents. 

In  our  previous  technical  reports  we  have  been  able  to  show  that,  in 
animal  models,  antibodies  can  be  prepared  against  cell  receptors  for 
histocompatibility  antigens.  Our  current  work  is  focused  on  applying  these 
model  studies  to  the  human  immune  system. 

Over  the  past  year  we  have  developed  in  vitro  techniques  for  the  analysis 
of  specific  human  immune  responses  to  a  variety  of  antigens  including  influenza 
and  tetanus  toxoid.  These  in  vitro  models  will  allow  us  to  analyse  in  detail 
the  effects  of  anti -receptor  and  anti-cell  interaction  molecule  antisera  on 
specific  immune  responses.  Indeed,  we  report  the  inhibitory  effect  of  certain 
antisera  to  HLA-DR  antigens  on  tetanus  toxiod  and  influenza  virus  specific 
responses.  In  the  rodent  and  also  in  the  human  we  have  analyzed  the  effect  of 
anti-T  cell  and  anti-la  (DR)  antisera  on  mixed  lymphocyte  responses,  ie. 
responses  to  foreign  histocompatibility  antigens. 
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The  analysis  of  cell  interaction  molecules  has  focused  on  the 
physicochemical  analysis  of  helper  and  suppressor  factor  molecules,  and  on  the 
ability  of  antisera  against  cell  surface  structures  to  bind  and  manipulate  the 
functional  reactivity  of  helper  factor  molecules.  Finally,  T  cells  specific 
for  HLA-D  and  DR  antigens  as  well  as  influenza  virus  specific  T  cells  have  been 
formally  cloned  providing  us  with  an  expanded  population  of  homogeneous  cells 
with  which  to  develop  anti-idiotype  reagents. 

Future  studies  will  continue  with  the  development  of  biological  reagents 
that  recognize  cell  surface  structures  and  cell  interaction  molecules,  and  to 
study  the  effect  of  these  reagents  on  specific  immune  responses. 


B.  INTRODUCTION 


The  following  technical  report  summarizes  the  fourth  year's  progress  on 
ONR  Contract  N000-14-C-0748  " Immu noregulation  of  facilitate  transplantation  and 
reparative  surgery:  development  of  natural  biological  agents"  which  was 
initiated  15  September  1977  for  the  purpose  of  developing  a  system  for 
modifying  immune  responses  without  compromising  the  general  health  of  the 
individual.  The  contract  title  was  shortened  to  "Immuno  Regulation"  in  1979  to 
be  more  descriptive  of  the  overall  project. 
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C.  BACKGROUND 


Bone  marrow  transplantation  offers  the  only  hope  to  victims  whose  stem 
cells  have  not  developed,  in  the  case  of  children  with  immune  deficiency 
diseases,  or  in  cases  where  the  stem  cells  have  been  destroyed  by  chemical 
agents  or  irradiation.  In  the  civilian  community  bone  marrow  transplantation 
has  shown  considerable  promise  in  the  therapy  of  severe  aplastic  anemia,  and 
has  been  used  in  the  treatment  of  malignancy  in  particular  acute  leukemia. 

In  the  case  of  aplastic  anemia,  patients  receiving  bone  marrow  from 
histocompatible  donors  show  a  30  month  survival  of  57%  opposed  to  a  25% 
survival  of  non-transplanted  patients.  From  20-40%  of  the  grafts  initially 
fail,  usually  due  to  patient  presensitization  and  rejection  of  the  grafts,  as 
these  patients  have  generally  received  many  blood  transfusions  sensitizing  them 
to  foreign  HLA  antigens.  A  variety  of  complex  drug  regimens  have  developed  to 
prepare  the  presensitized  patient  for  engaftment. 

The  most  significant  complication  of  bone  marrow  transplant  is  the 
syndrome  known  as  graft  versus  host  disease  (GVHD).  The  acute  form  of  this 
disease  is  thought  to  be  caused  by  immune  competent  T  (Thymus  derived  ) 
lymphocytes  present  in  the  door  bone  marrow  cells  used  for  engraftment.  These 
cells  recognize  the  hosts  foreign  HLA  (specifically  HLA-D)  antigens  and  react 
by  attempting  to  reject  the  host.  The  severe  form  of  the  GVHD  reaction  affects 
virtually  every  tissue  and  is  usually  lethal.  The  occurrence  of  GVHD  disease 
represents  the  major  obstacle  to  successful  bone  marrow  transplantation  among 
donors  and  recipients  that  are  not  HLA  matched.  The  major  focus  of  this 
contract  is  to  develop  ways  to  eliminate  GVHD  causing  cells  from  bone  marrow, 
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and  to  be  able  to  treat  individuals  with  GVHD  using  methods  to  regulate  and 
eliminate  the  GVHD  causing  cells  without  destroying  the  capacity  of  the  immune 
system  to  protect  the  individual.  The  availability  of  such  immunoregulatory 
tools  would  make  bone  marrow  transplantation  a  clinically  useful  form  of 
therapy  in  the  treatment  of  irradiation  casualties.  To  develop  these 
immunoregulatory  tools,  a  basic  understanding  of  the  human  immune  response  is 
essential . 

The  immune  system  has  evolved  as  a  complex  network  of  interacting  cells 
and  soluble  factors  with  the  capacity  to  respond  rapidly  and  specifically  to 
virtually  all  foreign  macromolecules  (antigens).  It  achieves  this  by  the  very 
nature  of  its  composition,  a  multiplicity  of  sets  of  cells  (clones)  each 
specific  for  an  individual  antigenic  determinant.  Superimposed  on  the 
uniqueness  of  specificity  is  the  ability  of  different  clones  to  display 
different  effector  functions.  It  is  this  that  bestows  such  versatility  on  the 
repertoire  of  immune  responses.  Antigen,  although  responsible  for  the 
induction  of  clonal  expansion  is  not  the  only  component  involved  in  immune 
regulation.  Clearly,  if  totally  dependent  on  regulation  by  antigen,  situations 
could  arise  where  the  entire  immune  system  was  committed.  To  prevent  this 
occurring  suppressor  pathways  subtlely  interact  with  inducer  populations  to 
provide  feedback  inhibition.  So  not  only  does  the  suppressor  pathway  act  on 
the  inducer  population,  but  in  turn  requires  that  population  for  its 
activation.  Thus  circuits  of  helper,  amplifier  and  suppressor  cells  have 
evolved  that  regulate  both  specific  antibody  production  and  cytotoxicity. 
Furthermore,  the  antigenic  specific  of  the  circuits  is  often  the  same  as  that 
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of  the  effector  cell  or  molecule.  Indeed,  antigen  bridging  between  effector 
and  regulating  cells  is  one  of  the  major  ways  by  which  the  regulating  cell 
selects  the  appropriate  effector  cell  target.  There  is  now  evidence  to  suggest 
that  regulatory  cells  may  mediate  their  effects  by  interacting  with  antigenic 
determinants  (idiotypes)  found  on  the  variable  regions  of  antigen-binding 
receptors.  The  regulation  of  the  immune  response  through  idiotype-anti- 
idiotype  interactions  would  take  place  independently  of  antigen  and,  thus, 
maintain  the  immune  system  in  steady  state  after  antigenic  stimulation  has  been 
withdrawn.  This  network  of  idiotype-anti-idiotype  interactions  would  allow 
diverse  members  of  the  immune  system  to  be  linked  so  that  the  activation  of  one 
clone  would  have  far  reaching  efforts  elsewhere  within  the  immunological 
network.  This  is  the  basic  principal  of  the  "Network  Theory"  postulated  by 
Jerne.  It  has  been  the  aim  of  this  project  to  prepare  anti-idiotype  antibodies 
that  mimic  these  naturally  occurring  regulatory  pathways  and  to  be  able  to 
manipulate  the  immune  system.  Such  reagents  would  allow  the  elimination  of 
clones,  for  example,  reactive  to  a  particular  transplantation  antigen  thus 
allowing  transplantation  to  occur  without  tissue  rejection  or  graft  versus  host 
disease.  The  blocking  effect  would  be  specific  for  that  clone  of  cells  and 
thus  other  clones  essential  for  protection  against  infectious  agents  would 
remain  unaltered. 

In  addition  to  the  specificity  displayed  by  the  regulatory  cells  of  the 
immune  system  it  has  now  become  very  clear  that  gene  products  of  the  major 
histocompatibility  complex  (MHC)  are  of  fundamental  importance  in  cell 
interactions.  Regulatory  T  cells  are  not  triggered  by  antigen  in  its  native 
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form,  but  require  a  complex  of  antigen  and  MHC  antigen,  such  as  la,  (DR  in 
humans)  in  order  to  trigger  their  receptor.  This  complex  recognition  pattern 
dictates  the  genetic  restriction  seen  in  many  cell  interactions  and  elaborates 
the  specificity  of  the  regulation  of  the  immune  response.  So  clearly 
investigation  of  the  regulation  of  the  immune  response  must  also  involve  study 
of  those  determinants  of  the  MHC  also  involved. 

D.  RESEARCH  DESIGN  AND  PLAN 


The  development  of  this  research  contract  has  been  to  facilitate  the  study 
of  the  regulatory  mechanisms  of  the  immune  response.  The  overall  research  plan 
has  been  divided  into  a  number  of  areas: 

(1)  To  develop  reproducible  and  reliable  in  vitro  techniques  for  the  study  of 
immune  responses  and  to  investigate  methods  for  the  manipulation  of  these 
responds . 

(2)  Prepare  reagents  (heterologous  and  monoclonal  antibodies)  that  recognize 
cell  surface  structures  (histocompatibility  and  differentiation  antigens)  and 
interaction  molecules  (receptors  and  soluble  factors). 

(3)  Analyze  the  potential  enhancing  and  inhibitory  effects  of  these  reagents 
on  immunoregulatory  circuits.  Furthermore,  to  attempt  to  characterize  cell 
interaction  molecules  using  these  monoclonal  reagents. 
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(4)  Develop  antisera  that  recognize  not  just  the  interaction  molecules  per  se 
but  the  variable  regions  associated  with  these  molecules  that  defines  their 
uniqueness  (anti-idiotypic  antibodies). 

(5)  Evaluate  the  biological  activity  of  anti-idiotypic  antisera  on  cell  and 
factor  mediated  immune  interactions. 

The  research  initiated  primarily  using  rodent  models  was  planned  to 
encompass  the  regulation  of  primate  and  human  physiology. 

E.  RESULTS 

(1)  Development  of  in  vitro  technology 

The  advantages  of  studying  in  vitro  as  opposed  to  in  vivo  immune 
responses  are  clear.  By  their  very  nature  of  being  in  vitro,  each  of  the 
parameters  can  be  precisely  controlled  and  the  cell  types  involved  clearly 
defined.  A  major  focus  of  our  initial  work  was  oriented  toward  reproducing,  in 
human  the  in  vitro  systems  upon  which  many  of  the  initial  observations  were 
made  in  animal  models.  However,  the  primary  sensitization  of  human  lymphocytes 
in  vitro,  using  pariculate  and  soluble  antigens,  has  not  been  without  its 
difficulties.  Why  this  is  so  is  unclear,  although  one  of  the  problems  is  the 
reduced  viability  of  human  lymphocytes  in  culture,  and  our  ability  to  utilize 
only  peripheral  blood  lymphocytes. 


We  have  been  able  to  develop  successful  protocols  for  the  in  vitro 
stimulation  of  human  peripheral  blood  lymphocytes  to  a  variety  of  antigens  such 
as  influenza  virus,  tetanus  toxoid,  the  synthetic  polypeptides  (TGAL  and  GAT) 
as  well  as  the  protein  keyhole  limpet  hemocyanin  (KLH).  The  specificity  of 
these  responses  was  determined  by  the  incorporation  of  thymidine  following 
stimulation  with  the  appropriate  antigens.  A  preliminary  report  on  this  has 
been  published  (Lamb  et  al  1981.  Attachment  1).  In  addition,  we  currently 
have  a  human  microculture  system  for  inducing  the  in  vitro  synthesis  of 
influenza  virus  specific  antibody,  which  can  be  detected  and  quantitated  by 
means  of  an  ELISA  (enzyme- linked  immunosorbent  assay). 

As  described  in  detail  in  Technical  reports  2  and  3,  the  modified 
Marbrook-Diener  tissue  culture  system  has  been  used  for  the  production  and 
assay  of  human  helper  factors.  We  have  now  adapted  this  system  for  the 
production  and  assay  of  suppressor  factor  molecules  (Kontiainen  et  al  1981, 
Attachment  2).  The  analysis  of  these  molecules  is  discussed  in  Results 
Section  4. 

The  development  of  these  jn.  vitro  assay  systems  has  been  essential  to 
provide  models  of  normal  human  immune  function  upon  which  to  determine  the 
activity  of  anti -receptor  and  anti-interaction  molecule  reagents. 

(2)  Preparation  of  biological  reagents  against  cell  surface  structures 
and  interaction  molecules 
a)  Development  of  monoclonal  antibodies 

As  described  in  technical  report  3  it  was  our  intention  to  develop 
the  capacity  to  produce  monoclonal  antibodies  using  somatic  cell  hybridization 


techniques.  Having  screened  and  isolated  those  antibodies  with  functional 
activity,  they  were  to  be  injected  into  the  appropriate  recipients  in  an 
attempt  to  generate  anti-idiotype  antibodies.  Indeed  we  now  have  stable 
hybridomas  against  the  following  antigens: 

1)  Sheep  red  blood  cells 

2)  TGAL 

3)  KLH 

The  cell  lines  have  been  expanded  to  large  number  and  frozen  at  -170°C 
in  liquid  nitrogen.  In  addition  to  these  clones  a  variety  of  other  hybridomas 
have  been  obtained  that  recognize  surface  determinants  on  murine  or  human 
lymphocytes. 

1)  anti-Lyl  hybrids 

2)  anti-Ly2  hybrids 

3)  anti-Thy-1  hybrids 

4)  anti-HLA-A,  8  and  C  common 

5)  anti -human  2  microglobulin 

The  anti-Lyl  and  Thy-1  reagents  are  invaluable  as  phenotypic  markers  for 
the  analysis  of  lymphocyte  subpopulations  in  the  murine  system. 

We  are  currently  attempting  to  develop  monoclonal  antibodies  that 
recognize  polymorphic  HLA-DR  region  determinants,  since  these  molecules  behave 
as  restriction  elements  and  appear  to  be  intimately  involved  in  cell 
interaction . 

In  addition,  purified  hybridoma  ascites  for  the  murine  cell  surface 
antigens  Ia^  and  Ias,  rat  T  cell  and  la  antigens  have  been  secured. 
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for  the  analysis  of  cell  interactions.  Over  the  past  year  we  have  accumulated 
ten  monoclonal  antibodies  against  the  human  DR  region  molecules.  These  are 
currently  undergoing  testing  in  our  systems. 

b)  Functional  studies  to  test  the  activity  of  reagents  that  recognize 
cell  interaction  molecules 

i)  Mixed  lymphocyte  response:  An  assay  system  for  the  mixed 
lymphocyte  response  of  rat  peripheral  blood  lymphocytes  or  spleen  cells  as 
responder  cells,  and  spleen  cells  as  stimulator  cells  has  been  developed 
(Bash  et  al  1980,  Attachment  3).  Such  an  assay  allows  the  influence  of 
anti -cell  interaction  molecule  reagents  on  subsets  from  different  lymphatic 
organs  to  be  investigated.  The  differential  effects  of  two  antisera  that 
recognize  rat  T  cells  were  assessed  in  the  MLR.  One  anti-T  cell  antisera 
(W3/25)  inhibited  the  proliferation  of  the  responder  cells  but  the  other  W3/13 
did  not,  suggesting  they  recognize  discrete  T  cell  subsets  one  of  which  is 
important  in  MLRs  (ie.  specific  for  alloantigen  recognition).  This  is 
supported  by  the  observation  that  neither  antisera  inhibited  the  response  to 
the  T  cell  mitogen  PHA.  (Bash  et  al.  1980,  Attachment  3).  Furthermore,  an 
anti-la  antisera  also  inhibited  the  MLR  of  peripheral  blood  and  spleen 
lymphocytes  implying  either  a  subset  of  la  bearing  T  cells  are  present  both 
peripherally  in  the  blood  and  centrally  in  the  spleen,  or  that  the  inhibition 
is  at  the  level  of  the  macrophage. 

ii)  Antigen-specific  proliferative  responses:  Having  developed  an 
in  vitro  system  for  the  proliferative  response  of  human  lymphocytes  to  a 


variety  of  antigens,  it  is  was  used  to  determine  the  effects  of  heterologous 
and  monoclonal  antibodies  that  recognize  DR  framework  determinants.  Both  the 
rabbit  anti -DR  and  monoclonal  anti -DR  antibodies  were  able  to  inhibit  tetanus 
toxoid  and  influenza  virus  specific  proliferation  (Lamb  et  al.  1981, 

Attachment  4).  Other  antisera  directed  against  T  cells  and  2  raicroglobulin 
have  been  added  to  these  antigen  specific  proliferative  responses.  This  work, 
in  an  expanded  version,  is  currently  being  written  up  for  publication. 

iii)  Antigen  specific  helper  and  suppressor  assay  systems:  Assay 
systems  have  been  established  in  vitro  in  Marbrook  chambers  for  the  analysis  of 
helper  and  suppressor  molecules.  The  effect  of  antisera  with  the  potential  to 
modulate  cell  interactions  can  be  assessed  in  two  ways.  Firstly,  they  can  be 
added  directly  to  the  culture  system  together  with  the  helper  or  suppressor 
molecules,  and  secondly  they  can  be  coupled  to  sepharose  beads  and  the 
resulting  solid  phase  immunoadsorbents  used  to  bind  the  functional  activity  of 
the  factors.  Results  on  the  reactions  of  various  antisera  and  helper  and 
suppressor  factor  are  discussed  in  Results  Section  4). 

(3)  Development  of  anti -idiotypic  antibodies  specific  for  cell 
interaction  molecules. 

One  of  the  major  problems  that  has  hindered  the  development  of 


antisera  specific  for  T  cell  receptors  has  been  the  inability  to  obtain 
purified  receptor  either  as  an  isolated  molecule  or  in  situ  on  the  T  cell 
itself.  However,  with  the  recent  advent  of  T  cell  cloning  it  is  now  possible 
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to  obtain  expanded  populations  of  homogeneous  T  cells.  We  have  successfully 
cloned  influenza  virus  specific  human  T  lymphocytes  (Lamb  et  al.  1981, 
Attachment  1).  These  clones  are  now  being  subjected  to  intensive  analysis  of 
their  specificity  and  functional  properties  (ie.  help,  suppression, 
proliferation  and  cytotoxicity).  Expanded  populations  of  the  individual  cell 
types  will  be  used  to  immunize  mice  and  develop  anti-receptor  antibodies,  which 
in  turn  will  be  used  to  generate  anti-idiotypic  antibodies.  In  a  similar 
fashion  the  anti -DR  antibodies  and  cloned  primed  lymphocyte  typing  cells 
described  in  results  (Section  2)  will  be  used  to  develop  anti-idiotypic 
reagents.  Furthermore,  these  reagents  when  developed  will  be  assayed  on 
antigen-specific  clonal  immune  responses  rather  than  the  response  of 
unfractionated  peripheral  blood  lymphocytes  and  this  revealed  a  much  clearer 
analysis  of  the  cell  types  involved. 

(4)  Characterization  of  cell  interaction  molecules. 

Helper  and  suppressor  molecule  production  and  assay  systems  have  been 
established  in  vitro  in  Marbrook  chambers  for  a  variety  of  antigens,  KLH,  GAT, 
TGAL  and  antigens  from  pathogenic  bacteria  such  as  Streptococcus  mutans. 
Furthermore,  we  now  have  these  systems  functioning  for  the  analysis  of  helper 
and  suppressor  molecules  derived  from  mouse,  monkey  and  human  lymphocytes. 

Much  on  the  nature  of  the  helper  factor  molecules  have  been  described  in 
Technical  reports  2  and  3.  However,  we  have  additional  information  on  specific 
helper  factor,  namely  that  it  contains  determinants  cross  reactive  with  2 
microglobulin  (Lamb  et  al.  1981,  Attachment  5).  In  addition,  to  analyze  the 
helper  factors  that  induce  B  cells  to  synthesize  specific  antibody,  we  have 
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partially  characterized  molecules  that  suppress  antibody  production  by  their 
action  on  helper  cells  (Kontiainen  et  al.  1981,  Attachment  2).  These  studies 
reveal  that  suppressor  factor: 

a)  Suppresses  specific  antibody  production  at  the  helper  T  cell 
level . 

b)  Antigen-specific  in  its  activity 

c)  Contains  la  like  encoded  determinants  of  the  HLA-DR  region 

d)  Contains  a  "constant"  region  discrete  from  that  present  in  helper 
factor  as  defined  by  rabbit  anti-helper  and  anti -suppressor  factor 
antisera. 

F.  CONCLUSION  FROM  COMPLETED  WORK 

The  research  completed  to  date  has  provided  us  with  valuable  information 
on  the  regulatory  mechanisms  of  the  human  immune  responses.  The  most 
significant  advances  have  been  in  the  analysis  of  human  cellular  immune 
responses.  The  development  of  in  vitro  assay  systems  and  the  cloning  of 
specific  human  T  lymphocytes  have  provided  us  with  two  powerful  tools  for  the 
development  and  functional  analysis  of  anti-receptor  (anti-idiotype) 
antibodies.  Furthermore,  our  data  confirms  and  extends  the  importance  of  D 
region  encoded  products  of  the  MHC  in  the  regulation  of  human  immune  responses 
at  the  level  of  the  T  cell -macrophage  interaction  and  in  the  production  of 
specific  antibody.  The  techniques  previously  performed  for  the  analysis  of  the 
nature  of  human  antigen-specific  helper  factors  has  been  extended  to  encompass 
suppressor  factor  molecules;  and  the  physicochemical  properties  of  these 


molecules  has  now  been  determined.  Thus,  the  data  generated  on  this  research 
contract  over  the  last  nine  months  has  significantly  advanced  our  understanding 
of  the  nature  of  the  regulation  of  human  immune  physiology.  Only  now,  that  our 
technology  (human  T  cell  cloning  and  in  vitro  assay  systems)  has  evolved  can  we 
develop  and  analyze  with  any  confidence  biological  reagents  specific  for  cell 
interaction  molecules. 

G.  PROPOSAL  FOR  CONTINUATION 

In  view  of  the  success  in  cloning  human  T  lymphocytes  and  developing 
in  vitro  human  immune  responses,  together  with  the  critical  data  on  the 
manipulation  of  these  responses  has  encouraged  us  to  continue  this  line  or 
research.  It  is  now  proposed  using  these  advances  to  further  develop  reagents 
as  outlined  below,  that  recognize  lymphocyte  surface  structures  and  interaction 
molecules,  and  are  thus  capable  of  effecting  clonal  elimination. 

Work  Plan: 

1)  Studies  on  the  development  of  anti -idiotype  antibodies  to  monoclonal 
antibodies.  During  the  next  contract  year  monoclonal  reagents  will  be  sought 
that  are  capable  of  blocking  specific  primed  lymphocyte  typing  (PLT).  The 
reagents  will  be  used  in  the  preparation  of  anti -idiotype  antibodies. 

Depending  upon  the  success  of  this  approach,  these  anti-idiotypic  reagents  will 
be  tested  for  activity  against  normal  immune  cells,  and  for  their  effect  in 
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moderating  normal  immune  reactivity.  The  site  of  blocking  of  the  PLT  reaction 
will  also  be  investigated.  Similar  studies  will  be  performed,  as  a  non  MHC 
antigen  control  with  influenza  clones  and  monoclonal  antibodies. 

2)  Studies  on  the  development  of  anti -receptor  antibodies  to  cloned  PLT 
cells.  Rats  will  be  tolerized  in  utero  to  human  cells,  and  after  birth  immu¬ 
nized  with  cloned  PLT  cell  lines.  After  an  appropriate  immunization  schedule 
the  spleens  will  be  removed  and  fused  with  a  rat  hybridoma  line.  The  resultant 
monoclonal  antibodies  will  be  screened  for  activity  against  the  receptors  on 
the  cloned  PLT  cells  by  their  ability  to  block  its  proliferative  activity. 
Similar  studies  will  be  performed  with  influenza  clones  as  a  non  MHC  antigen 
control . 

3)  Studies  on  normal  immune  responses.  The  normal  human  immune  response 
to  a  variety  of  antigens,  including  influenza,  tetanus  and  other  related  agents 
will  continue  to  be  evaluated.  The  assays  developed  to  test  for  T  cell 
proliferation  and  antibody  production  will  be  used  to  analyze  the  functional 
activity  of  monoclonal  antibodies.  The  cell  populations  involved  in  these 
interactions  will  also  be  evaluated  using  the  Fluorescence  Activated  Cell 
Sorter.  Furthermore,  antigen-specific  cloned  human  T  cells  will  be  analyzed 
for  their  ability  to  synthesize  cell  interaction  molecules  and  used  to  generate 
anti -receptor  antibodies. 
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INTRODUCTION 


The  analysis  at  the  molecular  level  of  T-cell  interactions  in  the 
regulation  of  immune  function  requires  expanded  populations  of  monoclonal 
T-lymphocytes.  A  number  of  approaches  have  been  utilized  to  obtain  enriched 
populations,  for  example,  antisera  reactive  with  cell -surface  determinants  have 
defined  the  characteristics  of  some  T-lymphocyte  subsets  both  in  mouse  (1,2) 
and  in  man  (3-5).  Using  such  antisera,  certain  T-cell  types  can  be  enriched  by 
either  positive  or  negative  selection  (6-8),  although  these  techniques  fail  to 
isolate  monoclonal  populations.  In  another  approach,  somatic  cell 
hybridizations  between  normal  murine  T-cells  and  thymomas  resulting  in  T-cell 
hybrids  with  specific  suppressor  (9,10)  or  helper  (11)  activity  have  been 
reported.  However,  such  techniques  are  not  sufficiently  developed  to  allow  the 
monoclonal  expansion  of  all  T-cell  subsets,  and  are  currently  not  available  for 
analyzing  human  T-lymphocyte  function.  Recently,  the  recognition  that 
supernatants  from  mitogen  stimulated  lymphocyte  cultures  (T-cell  growth  factor, 
TCGF)  can  maintain  the  growth  of  T- lymphocytes  in  vitro  (12,13),  has  allowed 
the  expansion  and  maintenance  of  functional  antigen-specific  T-cell 
subpopulations  in  long-term  culture  (14-17).  Consequently,  in  the  mouse  it  has 
been  possible  to  prepare  antigen-reactive  clones  of  T-cells  that  recognize 
specific  alloantigenic  determinants  (18,19),  particulate  antigens  such  as  sheep 
erythrocytes  (20)  or  soluble  protein  antigens  (21,22). 

In  the  human,  the  majority  of  early  studies  utilized  proliferation  of  P3I. 
populations  to  antigens  such  as  purified  protein  derivative  (PPD)  to  analyze 
cell  interactions  (23,24).  More  recently,  long-term  cultures  of  human 
T-lymphocytcs  which  are  dependent  upon  TCGF  for  continued  growth  and  which  are 
specific  for  soluble  antigens  such  as  PPD  and  tetanus  toxoid  (1.  Tox.)  have 
been  reported  by  Kurnick  et  al  (25,26).  It  has  also  been  demonstrated  that 
human  T-cell  lines  specific  for  soluble  antigens  (27)  or  alloantigens  (23)  can 
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be  cloned.  In  the  .todies  reported  here,  we  describe  the  system  for  the 
generation  and  characterization  of  ^lymphocyte  clones  (UCs)  which  have 
antigen  specificity  for  influenza  viral  proteins. 
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MATERIALS  AND  METHODS 


Cells.  Mononuclear  cells  from  peripheral  blood  (PBL)  were  obtained  from 
whole  blood  diluted  with  an  equal  volume  of  RPMI  1640  (Grand  Island  Biologicals 
Company,  Grand  Island,  NY)  and  centrifuged  over  Ficoll-Hypaque  (Sigma.  Chemical 
Company,  St.  Louis,  MO  and  Winthrop  Laboratories,  New  York,  NY)  at  400g  for  30 
minutes.  After  washing,  the  cells  were  resuspended  to  10? /ml  in  RPMI  1640 
medium  supplemented  with  10%  screened,  pooled  human  A+  serum,  2mM  L -glutamine, 
25mM  HEPES  buffer,  50pg/ml  gentamycin,  25  IU/ml  sodium  heparin,  ImM  sodium 
pyruvate  and  7.5%  v/v  dimethylsulfoxide  at  4°C.  The  cells  were  frozen  at 
-l°C/min  for  20  minutes  using  a  rate-controlled  freezer  (Cryson,  Associated 
Biomeciic  Systems,  Buffalo,  NY),  then  at  -50°C/min  down  to  -80°C.  Following 
this  procedure,  the  cells  were  transferred  to  the  vapor  phase  of  a  liquid 
nitrogen  freezer  (MVE  Cryogenics,  New  Prague,  MN)  and  stored  at  -180°C  until 
required. 

Antigens.  Attenuated  influenza  A  (A/Texas/1-7 7/x- ‘ >)  and  B 
(B/Singapore/222/79)  viruses  and  isolated  hemagglutinin  (A/Bangkok/79)  were 
kindly  prepared  by  M.  Phelan  and  W.E.  Barthlow,  Division  of  Virology,  Bureau  of 
Biologies,  NIH,  Bethesda,  MD.  Isolated  neuraminidase  (Papau  New  Guinea/1/75) 
and  matrix  protein  (A/Bangkok/79)  were  generously  provided  by  Dr.  R.  G. 

Webster,  St.  Jude  Children's  Research  Hospital,  Memphis,  TN.  The  polymers 
L-Glutamic  acid^0:L-Alanin9^:L-Tyrosine^  (GAT)  and  (L-Tyrosine: 

L -Glutamic  acid)  Poly  DL -Alanine:  Poly-L-Tyrosine  (TGAL;  Lot  KC8)  were 
purchased  from  Miles  Laboratories,  Inc.,  Miles  Research  Division,  Elkhart  III: 
Keyhole  limpet  hemocyanin  (KLH)  was  the  generous  gift  of  Or.  M.  Rittenberg, 
Portland,  OR.  Tetanus  toxoid  (T.  Tox.)  was  purchased  from  Massachusetts 
Biological  Laboratories,  Boston,  MA. 
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Antigen  Activation  of  PBLs.  PBLs  were  diluted  to  106  cells/ml  in  RPMI 
1640  (GIBCO)  containing  10%  screened,  pooled  human  A+  serum,  2mM  L-glutamine, 
25mM  HEPES  buffer,,  50pg/ml  gentaroycin,  25  IU/ml  Ha-heparin  and  ImM 
Na-pyruvate.  Cells  were  suspended  with  an  equal  volume  of  medium  containing 
five  hemagglutinating  (HA)  units/ml  of  influenza  A  virus.  The  concentration  of 
virus  required  to  produce  optimal  stimulation  of  PBLs,  assayed  by 
3HTdR-incorporation,  varied  for  different  virus  preparations,  but  was  always 
in  the  range  of  2-5  HA/ml.  Hemagglutinin  (HA)  v/as  used  at  O.lyg/ml, 
neuraminidase  (NA)  at  5xl0-4  vol  %  and  matrix  protein  (MP)  at  O.lyg/ml. 

These  concentrations  were  previously  determined  to  produce  optimal  . 
stimulation.  After  mixing,  0.2ml  aliquots  of  the  cell  suspensions  were  plated 
into  96  well,  U-bottom  tissue  culture  trays  (Linbro  Scientific  Company,  Hamden, 
CT)  and  incubated  for  six  days  at  37°C  in  a  5%  C02/air  mixture. 

T-Cell  Growth  Factor  (TC6F).  PBLs  from  screened  donors  were  cultured  at 
lxl06/ml  in  RPMI  1640  supplemented  with  0.1%  purified  phytohemagglutinin-P 
(PHA-P;  Difco  Laboratories,  Detroit,  MI)  and  1%  autologous  plasma  (29).  After 
48  hours,  supernatants  were  harvested,  passed  through  0.22ym  filters  and 
assayed  for  their  ability  to  support  the  growth  of  a  TCGF  dependent  cell  line 
as  assayed  by  tritiated  thymidine  incorporation.  Acceptable  lots  of  TCGF  were 
stored  at  4°C  or  diluted  as  required  to  20%  v/v  in  10%  A3  plasma  and 
supplemented  RPMI  1640. 

Cloning  of  Influenza  Specific  Lymphocytes.  After  six  days  culture  in  the 
presence  of  influenza  virus,  cells  were  harvested,  resuspended  over"  35-40% 
Percoll  (Pharmacia,  Uppsala,  Sweden)  in  12x75mm  sterile  test  tubes  (Falcon 
Division,  Becton  Dickinson  and  Company,  Cockeysville,  MD)  and  centrifuged  for 


20  minutes  at  200g.  Cells  at  the  interface  were  enriched  2-5  fold  for 
lymphoblasts  and  comprised  50-70%  of  the  cells  counted.  Blast-enriched 
suspensions  were  diluted  to  33  1/3  cells/ml  of  medium*  containing  20%  TCGF  and 
plated  in  lOul  aliquots  in  sterile  60-well  Microtest  II  trays  (Falcon).  Ten 
thousand  autologous  cells  were  y-irradiated  (2500  rads,  ^^Cs),  combined  with 
optimal  concentrations  of  influenza  virus  and  added  to  wells  containing  blasts 
in  10pl  aliquots.  Cultures  were  incubated  for  seven  days  in  humidified 
chambers  at  37°C  in  5%  C0£/air  after  which  growing  wells  were  transferred 
to  fresh  medium  (0.2ml)  containing  20%  TCGF,  irradiated  autologous  feeders 
(5xl05ml)  and  influenza  virus  in  96-well  flat-bottom  trays.  Following  seven 
additional' days  of  cultures,  the  clones  were  transferred  to  24  v/ell  trays 
(Linbro  Scientific  Company,  Hamden,  CT)  containing  the  appropriate  concentra¬ 
tions  of  TCGF,  autologous  feeders  and  influenza  in  a  total  volume  of  2ml. 
Cultures  received  fresh  TCGF  every  3-4  days  alternating  with  pooled  irradiated 
feeders  (5xl05/ml)  without  virus  and  were  thus  maintained  throughout  the 
course  of  the  experiments.  Clones  were  allowed  to  grow  6-8  days  following 
addition  of  feeder  cells  prior  to  testing  in  proliferative  assays. 

Preliminary  Screening  for  Influenza-Responsive  Clones.  Individual  clones 
from  24-well  trays  were  resuspended  with  a  Pasteur  pipette  and  diluted  1:20  in 
supplemented  RPMI  1640.  Aliquots  of  0.1ml  were  added  to  each  well  of  a  96-well 
U-bottom  tray,  each  of  which  had  received  0.1ml  of  autologous  y-irradiated  PSL 
(2.5xl05/ml)  and  influenza  A  virus  (5  HA  units/ml)  in  10%  A+  serum  and 
supplemented  medium.  Controls  consisted  of  TLC  and  influenza  without 
autologous  PBLs,  TLC  and  PBL  without  influenza,  TLC  alone  and  TLC  with  10% 
TCGF.  Cultures  were  incubated  for  72  hours  followed  by  an  8  hour  pulse  with 
luCi  of  tritiated  methylthymidine  {^HTdR,  New  fngland  Nuclear,  Boston,  MA). 
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Triplicate  samples  were  harvested  onto  glass-fiber  filters  and  radiolabel 
incorporation  was  quantitated  by  liquid  scintillation  spectroscopy. 

Proliferation  Assays.  Five  thousand  TLC  cells  in  10%  A+  serum  and 
supplemented  medium  were  added  to  96-well,  U-bottom  trays  in  0.1ml  aliquots. 
Fractionated  or  unfractionated  autologous  PBLs,  as  a  source  of  antigen 
presenting  cells  (APC),  were  suspended  in  medium  containing  10%  A+-  serum  and 
optimum  concentrations  of  antigen  and  dispensed  in  0.1ml  aliquots  to  wells 
containing  TLC  cells.  Cultures  were  incubated  for  12-144  hours,  pulsed  for 
8-16  hours  with  l.OpCi  of  ^HTdR  and  harvested  onto  glass-fiber  filters. 
Proliferation,  as  correlated  with  ^H-thymidine  incorporation  was  measured  by 
liquid  scintillation  spectroscopy.  The  results  are  expressed  as  the  mean 
counts  per  minute  (cpm)  +  standard  error  of  the  mean  (SEM)  for  triplicate 
cultures. 

Fractionation  of  Lymphocyte  Populations  by  Sheep  Erythrocyte  Rosetting. 
Erythrocyte  (E)  rosettes  were  formed  with  sheep  red  blood  cells  (SRBC)  treated 
with  AET  (S-2-aminoethylisothiouronium  bromide  hydrobromide,  Calbiochem,  San 
Diego  CA)  as  previously  described  (30).  One  volume  of  packed  SRBC  was 
incubated  with  five  volumes  of  AET  (40.2mg/ml  in  distilled  H2O,  pH  9.0)  for 
20  min  at  37°C.  One  volume  of  PBLs  at  10?  cells/ml  was  mixed  with  two 
volumes  of  2%  AET-SRBC  and  0.5  volumes  of  fetal  calf  serum  (FCS).  The 
suspension  was  centrifuged  at  250g  for  10  minutes,  and  placed  on  ice  for  60 
min.  After  resuspension  of  the  pellets  by  gentle  rotation,  the  separation  of  E 
rosette  forming  (E+)  from  nonrosetting  (E-)  lymphocytes  was  achieved  by 
centrifugation  (2500g,  15  min)  over  Percoll  (p=1.080  g/ml ;  Pharmacia).  The 
E~  cells  were  recovered  from  the  interface  and  the  E+  cells  from  the  pellet 
by  lysis  of  SRBCs  with  Gey's  hemolytic  solution  (31).  The  E-  cell  population 
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contained  less  than  1%  E+  cells.  In  proliferation  assays,  cultures  v/ere 
reconstituted  with  5x10^  E-,  20x10^  E+,  or  25x10^  E+  and  E-  cells. 

Comparable  cultures  were  reconstituted  with  25x10^  irradiated  PBL  as  a  source 
of  antigen  presenting  cells  (APC). 

Characterization  of  TLCs  by  FACS  Analysis.  Clone  cells  were  pelleted  by 
centfifugation  at  300g  for  10  min  at  4°C  and  then  resuspended  to  10? 
cells/ml  in  ice-cold  supplemented  medium  containing  10%  FCS  plus  lmg/ml  Na 
azide.  To  100pl  aliquots  of  cells,  5yl  of  monoclonal  antibody  was  added  and 
incubated  for  30  min  with  agitation  every  10  min.  Following  two  washes  in  cold 
medium,  lOpl  of  counterstaining  reagent  (either  riTC-F(ab')2~sheep 
anti-mouse-IgG,  Cappel  Laboratories,  Cochranville,  PA  or  FITC-conjugated 
avidin,  see  below)  was  added,  incubated  for  30  minutes  on  ice  with  agitation 
and  washed  twice.  Cells  were  resuspended  in  2ml  of  medium  and  analyzed  for 
fluorescence  on  an  Ortho  Fluorescence  Activated  Cell  Sorter,  Model  50H  (Ortho 
Diagnostics,  Boston,  MA) .  The  murine  monoclonal  antibodies  and  reagents  used 
in  these  characterizations  were:  0KT3,4,6,8  (Ortho);  biotin-conjugated  Leu 
2A,3A,aDR  and  FITC-avidin  and  FITC-Leu-1  (Becton  Dickinson,  Sunnyvale,  CA); 
aHLA-framework  (Bethesda  Research  Laboratories,  Bethesda,  MD);  FITC-conjugated, 
pooled,  goat  anti -human -Ig  (F(Ab')2;  Kallestad  Laboratories,  Inc.,  Chaska, 

MN). 
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RESULTS 


Cloning  Efficiency.  Following  initial  stimulation  with  virus, 
lymphoblasts  were  placed  in  Terasaki  plates  where  12*  of  the  wells  contained 
growing  cells  after  seven  days.  Since  the  blast-enriched  cells  were  plated  at 
one  cell  every  third  well,  approximately  35*  of  the  total  number  of  seeded 
cells  proliferated.  Furthermore,  upon  subsequent  transfer  to  96-well  trays, 
100%  of  the  clones  were  still  growing  after  seven  additional  days  in  culture. 

Preliminary  screening  for  influenza  responsive  clones.  A  total  of  96 
individual  TLCs  were  cultured  in  the  absence  of  TCGF  with  autolcgous  irradiated 
PBLs  as  a  source  of  antigen  presenting  cells  (APC)  and  their  responsiveness  to 
influenza  A  virus  was  determined  by  ^HTdR  incorporation.  In  order  to 
concentrate  our  efforts  on  only  positive  clones,  TLCs  were  grouped  into  four 
categories  as  assessed  by  the  magnitude  (cpm)  of  the  proliferation  (Table  1). 
The  distribution  of  clones  within  these  categories  was  as  follows:  27  in  group 
I  (1-500  cpm);  27  in  group  II  (500-3000  cpm);  27  in  group  III  (3000-10,000 
cpm);  and,  15  in  group  IV  {>10,000  cpm).  Since  the  number  of  cloned  T-cells 
added  to  this  proliferation  assay  was  not  determined  because  of  the  large 
number  of  clones  being  screened,  equal  volumes  were  also  cultured  with  TCGF  to 
give  an  indication  of  both  the  cell  number  and  the  proliferative  potential  of 
individual  clones.  The  ratio  of  the  response  of  each  clone  stimulated  with 
influenza  in  the  presence  of  autologous  irradiated  PBL  to  that  of  the  same 
clone  stimulated  with  TCGF  alone  was  determined  and  referred  to  as  the 
reactivity  index  (RI ) : 

Reactivity  index  =  TlC>  t-w- 

TLC  +  TCGF 

An  index  of  one  or  greater  would  indicate  that  antigen  specific  proliferation 
was  occurring.  The  reactivity  index  of  each  TLC  was  determined  and  placed  in 
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one  of  three  groups,  A(0-0.5),  B{0. 5-1.0)  or  C  (  1.0),  and  correlated  with  the 

location  of  that  clone  in  Groups  I-IV  (Table  1).  Of  the  27  clones  in  Group  I, 

25  were  also  located  in  RI  group  A,  1  in  Group  B  and  1  in  Group  C.  In  Group 

II,  however,  26  of  the  27  clones  were  in  Group  A  with  the  remaining  clone  in 

Group  B.  Whereas  in  Group  III  the  majority  of  the  clones  located  in  RI 

Group  C,  with  4  and  3  clones  in  Group  A  and  B  respectively.  All  of  the  clones 

in  Group  IV  were  also  in  RI  Group  C.  By  virtue  of  their  location  in  Groups 

I-IV  and  RI  Group  A,  B  or  C,  the  population  of  clones  was  divided  essentially 

into  positive  and  negative  clones  with  only  a' few  intermediates.  Positive 

clones  were  considered  to  be  those  in  Groups  III  or  IV  and  in  RI  Group  C. 

* 

Negative  clones,  however,  were  considered  to  be  those  in  Groups  I  or  II,  and 
also  in  RI  Group  A. 

The  proliferative  response  of  a  selected  group  of  clones  is  shown  in 
Table  2.  By  fulfillment  of  the  requirements  outlined  above,  TLCs  18,  50,  76 
and  77  were  considered  negative,  while  the  remainder  (TLCs  6,  24,  37,  53,  71, 
69,  72  and  88)  were  considered  positive.  From  this  panel  of  clones,  seven 
positive  clones  (TLCs  6,  24,  26,  37,  53,  71  and  72)  and  one  negative  (TLC  50) 
clone  were  analyzed  in  the  following  experiments. 

Kinetics  of  TLC  proliferation  to  influenza  A  virus.  The  clones  selected 
from  the  preliminary  screening  were  cultured  with  antigen  presenting  cells  and 
influenza  A  for  varying  periods  of  time.  The  proliferative  response  of  TLCs 
was  determined  at  12,  24,  36,  48,  60,  72,  96  and  144  hours  after  the  initiation 
of  culture  (Figure  1).  Of  the  positive  clones  selected,  all  reached  maximum 
3H-thymidine  incorporation  by  96  hours.  Proliferation  at  144  hours  was  not 
significantly  above  the  background  response.  TLCs  6,  26,  37,  71  and  72 
responded  optimally  between  72  and  96  hours,  although  the  magnitude  of  the 
response  varied  for  each  clone,  ranging  from  15x103  cprT,  (ji c  72)  to  57xl03  cpm 
(TLC  26).  Maximum  incorporation  of  3H-thymidine  for  clones  24  and  53 
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occurred  earlier  at  36  and  60  hours,  respectively  (Figure  1).  Throughout  the 
time  course  of  the  experiment,  the  negative  clone  (TLC  50)  did  not  proliferate 
significantly  when  presented  with  influenza  A. 

At  12  hours,  all  TLCs  proliferated  more  vigorously  in  response  to  TC6F  . 
than  to  specific  antigens.  However,  at  24  hours  the  response  to  specific 
antigen  was  equal  to  or  greater  than  that  to  TC6F  alone,  and  by  72  hours  was 
5-fold  greater  than  the  non-specific  response  to  growth  factor.  One  exception 
was  TLC  50  which  at  144  hours  responded  much  more  vigorously  to  TC6F  than  to  ' 
specific  antigen,  suggesting  that  the  clone  was  truly  negative  and  that  its 
failure  to  respond  did  not  reflect  cell  death.  Proliferation  of  TLCs  in  the 
absence  of  specific  antigen  and  TC6F  was  also  monitored  at  each  time  point,  and 
for  the  majority  of  the  clones  this  remained  below  100  cpm.  TLC  26,  however, 
proliferated  vigorously  in  the  absence  of  stimulation  for  the  first  48  hours, 
and  even  at  72  hours  gave  a  count  of  640  cpm.  This  was  also  observed  with 
clone  24,  but  to  a  lesser  degree,  with  unstimulated  proliferation  diminishing 
by  48  hours. 

The  maximum  ^H-thymidine  incorporation  varied  considerably  for 
individual  TLCs,  considering  that  an  equal  number  of  cells  was  used  in  each 
experiment.  However,  of  seven  positive  clones  reported  in  the  present  study, 
broad  grouping  into  two  categories  was  possible:  those  v/ith  peak  proliferation 
in  excess  of  40x10^  cpm  (TLCs  6  and  26)  and  those  with  15-20x103  cpm 
maximum  proliferation  (TLCs  24,  53,  71  and  72).  There  was  one  intermediate 
responder  (TLC  37)  with  a  maximum  response  of  30x103  cpm  at  72  hours. 

Antigen  specificity  of  T- lymphocyte  clones.  The  antigenic  specificity  of 
individual  TLCs  was  assayed  by  culturing  clones  with  autologous  PBLs  and 
various  antigens  (table  III).  Although  all  positive  clones  (TLCs  6,  24,  26, 

37,  53,  71)  proliferated  vigorously  to  influenza  A  virus,  each  TLC  was  also 
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restimulated  by  at  least  one  apparently  unrelated  antigen.  Such  ancillary 
rections  were  generally  less  than  102  of  the  response  to  influenza  A,  however, 
they  were  significantly  above  background  controls.  To  explain  these  data, 
three  possibilities  seemed  evident:  a)  antigen-specific  precursors  in  the  PBL 
presenting  population  were  reacting  to  these  antigens  and  producing  "back 
stimulation"  via  release  of  growth  factors;  b)  although  the  TLCs  were  clones, 
they  were  detecting  cross-reactive  determinants;  or,  c)  the  TLCs  were  not 
actually  clones,  but  contained  cells  with  other  reaction  patterns.  We 
hypothesized  that  “back  stimulation”  seemed  the  most  plausible  alternative  and 
reasoned  that  removal  of  T-cells  from  the  presenting  cell  population  should 
eliminate  "non-specific"  responsiveness. 

When  peripheral  blood  T-cells  were  removed  from  PBL  by  rosetting  with 
AET-treated  SRBC,  TLCs  presented  with  antigen  by  the  remaining  E*-  APC  showed 
little  or  no  cross-reactivity;  because  of  the  large  quantity  of  data,  typical 
results  are  presented  only  for  TLC  53  (Table  IV).  Summary  results  of  antigen 
presentation  by  E“  APC  are  presented  in  Table  V.  Without  exception,  TLCs 
were  not  reactive  to  unrelated  antigens  when  presented  in  the  absence  of 
T-cells. 

In  order  to  define  more  precisely  the  antigen  specificity  of  TLCs,  clones 
v/ere  restimulated  with  viral  subcomponents  presented  by  E“  cells  (Table  VI); 
data  from  four  clones  (TLCs  6,  26,  37  and  71)  are  shown.  TLCs  6,  26,  37  and  71 
all  proliferated  when  presented  with  complete  influenza  A  virus  (9,843  +_  504 
cpm,  7,182  +  1,728  cpm,  18,191  +  479  cpm  and  8,570  +  2,018  cpm,  respectively) 
but  not  influenza  B  virus.  Of  eight  tested,  no  TLC  responded  to  hemagglutinin, 
TLCs  6  and  37  responded  to  matrix  protein  (4,132  +’751  and  9,752  +  1 ,677  cpm, 
respectively)  and  TLCs  26  and  71  were  stimulated  by  neuraminidase  (3,6S0  +  344 
and  5,291  +  1244  cprn,  respectively).  The  negative  control  (TLC  50)  responded 
only  to  TCGF  (data  not  shown). 
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Immunofluorescence  Characterization  of  TLC  Surface  Markers  *  TLCs  6  and 
37,  the  most  reactive  clones,  were  characterized  using  a  panel  of  monoclonal 
anti-T-cell  antibodies  and  the  fluorescence  activated  cell  sorter  (Table  VII). 
Both  clones  were  positive  with  0KT3  (pan-T-cell)  as  well  as  for  HLA  and  DR 
antigens.  Approximately  50-80%  of  the  cells  in  each  TLC  were  reactive  with  the 
0KT4  and  Leu  3A  reagents  which  allegedly  detect  an  inducer-helper  type  marker. 
Cells  from  neither  clone  were  stained  by  0KT6  (thymocytes),  0KT8  or  Leu  2A 
(suppressor-cytotoxic  cells)  or  anti-slg  (B-cells).  Interestingly,  Leu  1,  a 
pan-T-reagent  which  is  similar  to  OKT  3,  but  which  detects  a  different  cell 
surface  molecule,  was  found  on  TLC  6,  but  not  on  TLC  37.  Each  TLC  formed  more 
than  95%  E-rosettes. 


DISCUSSION 


The  in  vitro  generation  of  discrete  subsets  of  human  T-cells  v/ith 
different  functions  such  as  help,  suppression,  cytotoxicity  and  proliferation 
has  been  reported  for  a  variety  of  antigens  (32-35).  Furthermore,  it  is  known 
that  long-term  cultures  of  human  T-cells  with  specificity  for  allogeneic 
(28,29,36)  or  soluble  antigens  (26,27)  can  be  maintained  using  TCGF.  In  the 
present  study  v/e  report  the  generation,  maintenance  and  characterization,  of 
cloned  human  T-cells  that  proliferate  specifically  in  response  to  influenza  A 
virus. 

The  unfractionated  PBL  from  normal  donors  were  screened  for  in  vitro 
proliferative  responses  to  influenza  A  virus.  From  a  selected  high  responder, 
un fractionated  PBL  were  cultured  with  a  single  pulse  of  influenza  A  virus  to 
induce  blast  transformation  of  T-cells.  These  cells  were  subsequently  cloned 
by  limiting  dilution  thus  making  it  possible  to  select  for  antigen' specif icity 
prior  to  clonal  expansion.  This  is  similar  to  the  approach  used  by  Kurnick 
et  al.  (25,26),  for  the  induction  of  human  blast  cells,  which  were  subsequently 
cloned  (27).  Murine  proliferating  T-cell  clones,  selected  for  antigen 
specificity  prior  to  clonal  expansion  in  TCGF  have  also  been  reported  (22). 
However,  contrary  to  our  findings,  the  prpliferative  assay  in  the  murine  system 
required  the  presence  of  TCGF.  Other  techniques  have  centered  on  enriching  for 
specific  cells  by  repeated  antigenic  stimulation  and  culture  in  the  presence  of 
TCGF  (15-17,39).  A  potential  problem  with  this  approach  is  that  the  cells  that 
grow  v/e  11  jji  vitro  in  response  to  TCGF  are  not  necessarily  those  cells  that  are 


antigen  specific. 


In  the  studies  reported  here,  the  frequency  of  growing  clones  following 
plating  at  one  cell  every  three  wells,  was  approximately  35%.  Different 
plating  efficiencies  have  been  reported  by  different  investigators  in  a  variety 
of  systems  (27,28,36).  We  feel  that  such  differences  are  reflected  in  the 
nature  of  the  antigens  used,  the  presence  of  both  specific  and  non-specific 
recruitable  T-cells,  quantitative  or  qualitative  differences  in  the  T-cell 
subsets  found  in  peripheral  blood  as  compared  to  lymphatic  organs,  or  merely 
variations  in  technical  procedures.  Other  problems  arise  from  the  question  of 
whether  TLCs  are  actually  clones.  By  Poisson  probabilities,  99%  of  the  wells 
should  have  contained  one  or  fewer  cellsb.  This,  in  conjunction  with  the 
fact  that  only  a  subset  (35%)  of  those  cells  originally  seeded  produced  viable 
lines,  makes  it  statistically  probable  that  most  TLCs  are  actually  clones.  In 
this  regard,  subcloning  of  TLCs  may  resolve  concerns  regarding  the  clonal  - 
nature  of  TLCs,  but  in  our  hands  at  this  time,  this  has  not  been  technically 
feasible. 

The  preliminary  screening  of  the  influenza  virus  TLCs  revealed  clear 
patterns  of  responsiveness  as  determined  by  the  magnitude  of  the  3H-thymidine 
incorporation  and  by  the  reactivity  index.  The  latter  was  used  as  an  indicator 
of  the  cloned  T-cell  number  and  their  viability.  On  the  basis  of  these  two 
parameters,  36.5%  of  the  clones  were  considered  to  be  positive  for  influenza  A, 
10.4%  intermediate  and  53.1%  negative.  From  these,  seven  positive  clones  and 
one  negative  clone  were  analyzed  in  detail.  The  stimulation  of  the 
influenza-virus  induced  clones  with  a  panel  of  unrelated  antigens  resulted  in 
significant  proliferation  of  the  clone  in  response  to  specific  antigen. 
Additionally,  at  least  one  other  antigen  always  restimulatcd  when  irradiated 
autologous  PBLs  were  used  as  the  source  of  APCs.  Three  alternatives  were 
considered  as  possible  explanations  of  those  observations.  First,  that  the  TLC 

b  Eckels,  D.D.  and  R.J.  Hartzman.  1931.  Does  HLA-!)  Exist?  Human  Immunology 
(Submitted) . 
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were,  in  fact,  not  monoclonal  and  that  cells  with  other  specificities  were 
present.  Second,  that  the  T-cell  clones  were  monoclonal  but  cross  reacted  with 
determinants  shared  by  the  other  antigens.  Third,  that  within  the  presenting 
PBL  population,  there  was  an  irradiation  resistant  cell  type  capable  of 
triggering  proliferation  of  the  TLC  in  the  presence  of  unrelated  antigen. 
Furthermore,  it  seemed  improbable  that  all  the  clones  analyzed  would  have 
snecificities  that  cross  reacted  with  antigens  as  diverse  as  influenza  B  virus, 
T.  Tox,  TGAL,  GAT  and  KLH.  In  an  attempt  to  resolve  this  problem,  different 
fractions  of  PBL  were  assayed  for  their  ability  to  act  as  APCs.  It  was 
observed  that  the  addition  of  an  irradiated  E-rosette  negative  fraction 
consisting  primarily  of  B-cells  and  monocytes,  resulted  in  the  proliferation  of 
TLCs  when  stimulated  with  influenza  A,  but  not  when  cultured  with  unrelated 
antigen.  Thus,  the  most  likely  explanation  for  the  apparent  cross  reactivity 
of  influenza  A  specific  TLCs  was  that  it  was  due  to  the  presence  of  on 
irradiation  resistant  T-cell  population  which  upon  antigen  stimulation, 
released  TCGF  or  other  growth  promoters  which  in  turn  induced  nonspecific 
proliferation  by  the  TLC.  This  is  supported  by  reports  that  irradiation 
resistant  T-cells  can  release  TCGF  following  antigen  stimulation  (2?)  and  the 
observation  that  allospecific  TLCs,  which  are  dependent  upon  TCGF  for  growth, 
also  proliferated  in  the  presence  of  unrelated  antigens  and  irradiated  PBL 
(Lamb  and  Eckels,  unpublished  observations). 

All  of  the  reactive  clones  analysed  in  this  report  were  antigen  specific 
in  that  they  responded  to  influenza  virus  strain  A,  the  inducing  antigen,  but 
not  to  influenza  strain  B  or  other  unrelated  protein  antigens.  Furthermore, 
with  the  use  of  purified  viral  subcomponents,  neuraminidase,  haemagglutinin  end 
matrix  protein,  the  fine  antigenic  specificity  of  these  clones  was  determined. 
Interestingly,  of  the  clones  tested  here,  none  reacted  with  hemagglutinin.  In 
this  regard,  it  has  been  reported  that  mouse  1-cells  primed  with  matrix  protein 
can  act  as  helper-cells  to  induce  antibody  response  to  hemagglutinin  (37,351) 
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suggesting  associative  recognition  of  viral  components.  However  as  yet,  there 
is.no  direct  evidence  that  the  clones  specific  for  matrix  protein  which  are 
reported  here  can  cooperate  with  8  cells  in  the  production  and 
hemagglutinin-specific  antibody.  Nevertheless,  in  view  of  their  association 
with  the  helper/inducer  T-cell  subsets  defined  by  phenotypic  analysis  (0KT4*, 
Leu  3A+)  and  the  observation  of  Kurnick  et  al.(27)  that  antigen  specific 
T-cell  clones  which  proliferate  strongly  are  also  helper-cells  in  the 
production  of  antibody,  suggests  a  similar  mechanism. 

In  addition  to  the  ability  of  these  TLCs  to  proliferate  in  response  to 
influenza  A,  they  are  being  analyzed  for  other  functions  such  as  help, 
suppression  and  cytotoxicity,  with  the  proviso  that  culture  conditions  for  the 
production  of  proliferating  T-cells  may  not  necessarily  be  those  for  the 
induction  of  other  subsets  with  different  function.  Although  it  appears  that 
human  T-cell  clones  that  proliferate  strongly  in  response  to  specific  antigen 
also  display  helper  and  suppressor  activity  in  polyclonal  B-cell  responses 
(27).  This  is  in  contrast  to  mouse  antigen  specific  T-helper  clones  which 
clearly  have  different  culture  requirements  than  other  functional  subsets 
(39).  Finally,  human  antigen  specific  T  cell  clones  are  a  powerful  tool  and 
should  allow  the  detailed  analysis  of  many  aspects  of  lymphocyte  interactions, 
previously  impossible  with  conventional  cell  culture  techniques. 
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SUMMARY 


Human  peripheral  blood  lymphocytes  were  primed  in  vitro  with  influenza  A 
virus  (A/Texas/l-77/x-49)  and  subsequently  cloned  by  limiting  dilution  in 
TCGF.  Although  96  TLCs  were  originally  obtained,  eight  were  characterized  in 
detail.  Kinetic  experiments  revealed  that  optimal  proliferation  occurred  at 
approximately  72-96  hours  following  presentation  of  specific  virus  by 
autologous  PBLs.  The  maximum  proliferation  varied  according  to  the  individual 
TLC  being  tested  and  ranged  from  15xl03  cpm  to  more  than  60xl03  cpm.  TLCs 
were  found  to  respond  specifically  to  influenza  A  virus,  not  to  influenza  B, 
TGAL,  GAT,  tetanus  toxoid  or  KLH,  and  only  when  antigen  was  presented  by  cells 
unable  to  form  rosettes  with  AET-treated  SRBCs.  Presentation  of  antigen  (T. 
Tox.  in  particular)  by  PBLs,  often  resulted  in  significant  "back  stimulation", 
probably  via  production  of  growth  factors.  In  addition,  the  antigen 
specificity  of  these  clones  for  viral  subcomponents  was  directed  towards  matrix 
protein  and  neuraminidase  but  not  hemagglutinin.  By  FACS  analysis,  using 
commercial  monoclonal  anti-T-cell  antibodies,  two  TLCs  were  0KT3+  (pan-T-cell), 
0KT4+  and  Leu  3A*  (inducer /helper  subset),  HLA+,  DR+,  0!<T6“,  0KT8~, 

Leu  2A-  and  slg~;  only  one  of  the  clones  expressed  the  pan-T  Leu-1  antigen. 
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Legend  to  Tables 


Table  1. 

Unfractionated  P8L  from  a  high  responder  were  stimulated  with  influenza  A 
virus  and  cloned  by  limiting  dilution.  96  colonies  were  picked  and  expanded  in 
liquid  culture.  A  1:200  dilution  of  T-cells  from  each  colony  were  stimulated 
with  5HA  units/ml  of  influenza  A  in  a  72  hours  3H-thymidine  incorporation 
assay  in  the  presence  of  25xl03  irradiated  (2500  rads)  autologous  P3L 
a.  Reactivity  index  =  TLC  +  influenza  A  +  PBL 

TLC  +  TCGF 

Table  II 

Unfractionated  P3L  from  a  high  responder  were  stimulated  with  influenza  A 
virus  and  cloned  by  limiting  dilution.  96  colonies  were  picked  and  expanded  in 
liquid  culture.  5xl03  T-cells  from  13  of  the  colonies  were  stimulated  with 
5HA  units/ml  of  influenza  A  in  a  72  hour  3H-Thymidine  incorporation  assay  in 
the  presence  of  25xl03  irradiated  (2500  Rads)  autologous  PBL.  The  response 
of  high  and  low  responder  clones  is  shown.  Controls  of  irradiated  autologous 
PBL  with  flu,  PWM ,  and  PHA  are  shown.  The  values  in  the  parentheses  are 
standard  errors  of  the  mean  of  triplicate  cultures. 

Table  III 

Unfractionated  PBL  from  a  high  responder  were  stimulated  with  influenza  A 
virus  and  cloned  by  limiting  dilution.  T-cells  from  8  colonies  were  stimulated 
with  influenza  A  (f!A  units/ml),  influenza  B  ( 5IIA  units/ml)  GAT  (500ug/m1),  TGAL 
(1  mg/ml),  T.  Tox  (0.1  l.F/ml)  and  KLH  (80v;g/ml)  together  with  25xl03 
autologous  irradated  PBL.  Stimulation  was  assessed  by  the  incorporation  of 
3H- Thymidine  in  a  72  hour  assay. 

♦Underline  indicates  cpm  5-fold  or  greater  over  background 
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Table  IV 


TIC  53  was  prepared  as  described  in  legend  to  Table  II.  This  table  shows 
'zne  results  of  experiments  in  which  5xl03  T-cells  from  TLC  53  were  cultured 
with  or  without  influenza  A,  influenza  B,  GAT,  TGAL,  T.Tox  and  KLH.  25xl03 
autologous  irradiated  (2500  Rads)  PBL  (PBL(IR)),  20xl03  autologous  irradiated 
sheep  erythrocyte  positive  (E+)  cells  (E+(1R)),  5xl03  autologous 
irradiated  E"  (E“(IR))  and  20xl03  (E+  (IR))  and  5xI03  (E“  (IR) ) 
cells  together  were  used  as  a  source  of  antigen  presenting  cells  (APC).  The 
different  fractions  of  APC  were  added  to  5xl03  TLC  (clone  53)  together  with 
antigen  and  the  incorporation  of  3H-thymidine  measured  at  72  hours.  The 
stimulation  of  the  APC  fractions  both  irradiated  and  unirradiated  by  the 
antigens  alone  is  shown  in  the  table.  Positive  responses  are  underlined. 

*  Response  of  TLC  53  to  TCGF  control. 

Table  V 

Unfractionated  PBL  from  a  high  responder  we re  stimulated  with  influenza 
virus  A  and  cloned  by  limiting  dilution.  Cells  from  8  TLCs  were  stimulated 
with  influenza  A  (5HA  units/ml),  influenza  B(5HA  units/ml)  GAT  (500  pg/ml), 
TGAL  (lmg/ml),  T.  Tox  (0.1  LF/ml  and  KLH  (80pg/ml)  together  with  5xl03 
autologous  irradiated  E"  cells.  Stimulation  was  assessed  by  3H-Thymidine  • 
incorporation  in  a  72  hour  assay. 

Table  VI 

TLCs  6,  26,  37  and  71  were  stimulated  with  influenza  A  (5HA/ml),  influenza 
B  (5HA/ml),  haemagglutinin  (HA,  0 . ljig/ml ) ,  neuraminidase  (NA,  5xl0~^  voi  %) 
and  matrix  protein  (?-'.P,  0.1vig/ml)  together  with  5xl03  autologous  irradiated 
E~  cells.  Stimulation  was  assessed  by  3H-thymidine  incorporation  in  a  72 
hour  assay.  Positive  responses  are  underlined. 
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Legend  to  Figures 

Figure  1.  Kinetics  of  the  TLC  proliferation  to  influenza  virus,  strain  A. 

Unfractionated  PBL  from  a  high  responder  were  stimulated  with 
influenza  A  virus  and  cloned  by  limiting  dilution.  Cells  (5xl03) 
from  8  TLCs  were  restimulated  with  influenza  A  together  with 
25x10^  autologous  irradiated  PBL  (o— o).  Stimulation  was  assessed 
by  the  incorporation  of  ^H-thymidine  at  12,  24,  36,  48,  60,  72,  96 
and  144  hours  after  4.he  initiation  of  the  culture.  Control 
responses  of  the  colonies  to  TC6F  (+--+)  and  medium  (o— o)  are  shown 
for  each  clone.  Each  point  represents  the  mean  of  triplicate 
cultures. 
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TABLE  I 


Distribution 


Proliferative 
Response  (cpm) 


of  responsiveness  of  influenza  specific 
T  cell  clones 


Reactivity  Index3 


Number  ABC 

of  clones  (0-0.5)  (0. 5-1.0)  ( >1.0) 


TABLE  II 


Clone 

Number 

Distribution  of 

influenza  TLC  into  hiqh,  intermediate  and  low  responders 

Prol iferative  response  (cpm  +  SEM)  of  TLC 

Reactivity 

Index 

+PBL( IR) 
+Flu 

+Flu 

+PBL( IR) 

+TCGF 

Medium 

50 

222(58) 

10(2) 

24(3) 

8492(1126) 

39(14) 

0.03 

76 

219(38) 

11(1) 

15(4) 

4870(218) 

15(2) 

0.04 

18 

1280(242) 

13(1) 

34(3) 

4427(689) 

17(1) 

0.29 

77 

2105(416) 

14(1) 

18(5) 

5261(754) 

13(3) 

0.40 

69 

4136(1068) 

14(1) 

112(26) 

3576(747) 

33(5) 

1.16 

88 

4774(365) 

9(3) 

26(7) 

3753(847) 

13(1) 

1.27 

6 

35149(2394) 

23(5) 

134(44) 

10845(152) 

17(5) 

3.33 

24 

12005(1883) 

18(2) 

118(43) 

2078(32) 

20(5) 

5  78 

26 

14243(3414) 

15(2) 

32(6) 

3637(954) 

17(5) 

3.92 

37 

24534(5897) 

16(4) 

639(163) 

7142(404) 

5(1) 

3.44 

53 

27051(4555) 

13(1) 

1549(335) 

7670(1240) 

17(2) 

3.53 

71 

32689(7629) 

11(4) 

2248(392) 

7703(490) 

37(3) 

4.24 

72 

15567(3059) 

18(1) 

42(11) 

1375(202) 

25(1) 

11.32 

Controls 

>  l 

PBL(IR) 

+Flu 

+PWM 

+PHA 

Alone 

11(3) 

16(3) 

16(3) 

8(2) 

30 


TABLE  III 


Proliferative  response  (cpm)  of  TLC 
Clone  Number: 


Antigen 

6 

24 

26 

37 

53 

71 

72 

50 

Influenza  A 
(5HA/ml ) 

13707* 

9549 

11935 

11049 

8130 

9475 

3191 

67 

Influenza  B 
(5HA/ml) 

120 

33 

45 

116 

59 

101 

32 

55 

GAT 

(500pg/ml) 

19 

25 

25 

67 

22 

68 

A0 

65 

TGAL 
(lmg/ml ) 

26 

18 

18 

147 

33 

58 

122 

293 

T.  Toxoid 
(0.1  LF/ml) 

424 

200 

730 

985 

610 

1593 

37 

64 

KLH 

(SOv.g/ml) 

61 

26 

21 

68 

47 

196 

42 

23 

Med i um 

21 

10 

15 

14 

19 

36 

12 

18 

TCGF 

2197 

689 

1266 

1143 

1213 

2011 

363 

1476 

Effect  of  the  antigen  presenting  cell  population  on  clone  specif icit 
Proliferative  response  of  TLC  53  (cpm  +  SEM) 


8384(991)  S5(6)  24(16)  48(13)  761(195)  37(3)  11(3) 

17(9)  24(4)  16(0)  10(4)  25(7)  33(7)  28(2).  1365(94) 
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TABLE  VI 


Specificity  of  TLC  responses  to  viral  subcomponents 
Proliferative  response  (cpm  +  SEM) 

Clone  Number: 


Antigen 

6 

Influenza  A 
(5  HA/ml ) 

9843(504) 

Influenza  B 
(5  HA/ml ) 

45(8) 

HA 

(0.1  pg/ml) 

70(30) 

NA 

(5xl0-4vol%) 

21(1) 

MP 

(0.1  pg/ml) 

4132(751) 

Medium 

146(45) 

TCGF 

4725(395) 

26 

37 

71 

7812(1728) 

18191(479) 

8570(2018) 

16(1) 

20(2) 

24(8) 

19(1) 

41(5) 

28(14) 

3680(344) 

19(5) 

5291(1249) 

19(2) 

9752(1677) 

27(8) 

23(3) 

5039(769) 

30(6) 

10987(1159) 

14(3) 

2741(507) 

TABLE  VII 


FACS  analysis 

of  T-lymphocyte  clones 

Monoclonal 

Clone  Number: 

Antibody 

6* 

37* 

HLA 

framework 

+++ 

+++ 

DR 

+++ 

+++ 

0KT3 

++ 

++ 

0KT4 

+ 

+ 

0KT6 

- 

- 

0kT8 

- 

- 

Leu-1 

++f 

+ 

Leu  2A 

- 

- 

Leu  3A 

++ 

+++ 

slg 

- 

- 

*Each  TLC  formed  >95%  E-rosettes. 


KINETICS  TLCFU-24 KINETICS  TLC  FLI-50  KINETICS  TLC  FLl-53  KINETICS 


TIME  (Hrs.) 


f. 
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Induction  of  human  antijjcn-spccitic  supprcNsoi  lac  tors  in  vitro 

sIKhhA  M'NIIAIM  V  I  N  VVOOItV  A  1(1  \  M  !  I  I  DM  ANN  uncut  <»! 

tcf  h*wv. un  »  (  ru:*i\:t  i  «-/  //..»,  nk:  Helsinki  /  tnhit'tf.  /(  A*/  /  :uh<nit  iniinu/n>/(t^\ 

(  r. 't»*  i  lh  ;ur  ///:*///  (  ntn  t  >n  t  t  ,  ;;t  /  •niihn  I  <///</  h,:tnuiUf-i)n,  ,t/ug\ 

/.'i.' /  ••nil‘Ktrih  (  \wicr  (  c/./i*.  irVio  (  nntt\ti\  .S <  Iwo!  •>/  \l,  til*  ;:.i  li  .i'hinizitHi,  1)1  , 

/  VI 

I.  («/»/(■</ h/r  puf'lu  iili-'ti  1?  St  /itfwbfr  /  V.M* 


S  l '  M  M  A  !>'.  N 

Based  or.  methods  used  for  l lie  1 W"  imluction  01  antigen  specnlc  suppressor  cells  in  the 
mouse.  w,  have  cultmcd  licoll  isoputptc-scpaiulcd  1 1 1: nut  1 1  Wood  cells  ss ■  1 1 ■  luglt  dose  ol 
.nli.vn  1  loo  ftii  mil  in  Marbrook  eultute  e essels  toi  4  dues  I  he  icsuilmp  cells,  when 
iurlhei  leciillured  lor  .It  hr  sviiii  a  low  viose  ol  antigen  1!  up  ml),  icle.iscd  into  ihc 
supci  1t.1l.11n  innlen.!l.  termed  ’suppressot  ;..ctoi'.  which  inhibited  m  an  anligcn-'pccihc 
manner.  the  antibod)  response  of  immv  spleen  cells  in  culture  I  hc  -iipprc'sor  l.ietor  w.ts 
.mule  seel  11  si  no  imimmoiibsi  u  bents,  .uul  w.e.  hound  to  mid  eluted  lion,  spee  me  antigen, 
seine. in.is. dm  A  and  lentil  lectin,  antt-hum.m  l.i  antibodies.  and  :tr*i  in  nise  siippiessor 
Socle ■!  aiiiibe’dies.  hut  was  not  hound  t e >  uiiohudics  .u'amsl  human  I  s  I 


l\  I  RiMM  A  |  ION 

Vie  mpoitati.e  .  I  antigcn-spcc, lie  stippiesso'  cells  m  mim.ine  icgidalion  1  ss.li  established  and 
;c  -i:  involvement  in  mans  human  diseases  I.  is  long  been  suspected  (renewed  be  (  u  ishon.  !'/T4: 
V.s'heltael  iA  MelVvitt.  I1*?'.  Waldmann  .A  l<roea.r.  IT"'.  Sic  gal.  lu’Sj  t  tnti!  ii.m.uiil)  lion-anil- 
M-'pecilic  Mippiession.  induced  lv,  mitogens  such  .(scem.m.n,ilin  A.  lie.  usually  been  assured 
Nu-  .os.ces  id  anlipen-specitic  Imicooti'  ol  hum. a.  I  cells  are  .1!  mteiesl.  and  sj.ould  permit  a 
j.;per  understanding  of  mane  disease  states  I  Ins  would  supplement  the  limited  inhumation 
....  la  hie  from  measuring  the  numb.  tsol  ei  uniat  mg  !‘  eells  01  the  autogenic  slir.iul.ittoii  of  I  eells. 
ie  subsets  ol  !'  cells  cannot  he  distinguished. 

In  tlie  mouse.  I  cells  mediating  help,  suppression  01  cytotoxicity  tire  distinct  .ells,  deads 
;u;  .ten  baled  be  surface  phenol  s  pie  mat  kers  lieeiewed  be  (a.itoi  &  Hoy  se.  I  )7n.  I  eld  mean  ,  t  .it.. 
c  '“a  1  Surface  structures  characteristic  of 'human  I  eells  have  1  even  tie  been  descuhed  t  Moictta  of 
1  77  Strell auskas  e;  til .  1  7 N  Reirdier/  ft  til .  |97A|  and  then  evaluation  111  functional  led 
.otto!  1  Morelia  ft  til  .  1977.  Hallteux  til  i1)7") 

inere  iv  much  evidence  that  unligen-specihc  murme  suppressor  cells  act  via  scetcicd  mediator 
-  !Vv;i!es  suppressor  factors  (  kontiatiicn  .A  I  cldm.tnn.  I‘f>7:  I  ad.i.  I  amgnchi  At  Okumina.  1*1  7) 
'•ret  ate  .intigcn-speeitic  and  inhibit  Itelpei  cells  of  the  s.une  antigenic  spccitic'ir.  Serotog.c.ii 
1" ....  ei .  has  shown  th..t  these  tie  tots  0.111s  major  lustncompatthihlc  complex  (’stilt  )  coded 
itterninants  but  lack  immunoglobulin  I  e  determinants,  and  aie  charaetei  i/cd  be  factor  constant 
_-j  ■,  manic  region  determinants  defined  be  rabbit  and  mouse  uiili-iactor  antiseta  (  K  onli.imeti  cA 
.Mia. itm  ll(7S  10’U;  I  eldiiunn  .  1  .1! .  I'fn  |u?7b).  I  lie  seeieteil  aiirigcn-spccifit 'suppressor 
_.te;  >  are  not  strain-  or  spec ics-testnc ted.  e  g  murine  suppr.  ssoi  lav  tors  can  be  generated  m  one 

. 1 - 1 ’  1  id  , I . e  Man  i  cklmutm.  K  Rl  Iiinioui  liiiimiiioloee  t  am.  i  Vn.u  inieni  ol  Am!  pe .  I  hueeisite 
Vi'Ieniiiv  (  .ower  slice!.  I  onion  \\  <  1 1  bit  I 


in;  v!  11 ’as. ’Sn.1 1«‘ 
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..  I  X  Snkka  Konihiuicn  c!  a  I . 

strum  lit  mu t*  end  iiss.iu’tl  *•11  another.  and  mookcv  ppicssor  lach  is  . i * v v ;  1  <m  i.uu  iu*  -j'U'  * 
cell-  ///  i  :m>  tk>ml»ani.  n  \  I  cMmumi.  I‘»’  lamb.  K « *i.i  unuvn  .V  !  .  Imc:  •  I  hi  I  .  !■.  ■ 

q>ec:c'  rcshii.  hop  h:is  also  ivcn  shown  a  Hi:  h ;*m..n  tkaninr  A  I  vid:.urm.  t 1  >  ' 1  and  \:> -a  n 
I !  auvu  k  iuMmuk’Ii  iV  !  china.  P>V)|  i?;1i*a i.  -  |\\i'k  hclpr;  i.u  Mi  s.  hut  i-  mi  *  ■  *i  •  ‘  i  i>  1  ■  >- 
obt.uncO  with  lactoi  irol-.-i  ul.  N '  .k »«\i  i  .>m  cells  tc  I  ad.i  .7  <//..  I’1"  ) 

As  the  importum*  **l  '•j'fi  itu  stippi  well  docim  nla1  w.  ■  *  ■«  i*  I .  - 1  t 

whether  anlnvn- qxciln  suppjcs.ui  laclois  conkl  ;v  pcma  ulcd  horn  unman  |Vi  tpbi  al  !4»*  nl  >■ 
in  tissue  c ii 1 1 nit  Wo  here  k'Mrih.'  the  generation  *4  mch  factors  using  piovm  *u  j »l*. pt ; »m* . . 
unljecus.  I  hen  clla  Is  on  a  tu  il>«  kI\  i  espouses  in  /  r.m  and  lln.  m  eh..:  u  !  a  ores 

M  A  I  I  KlAi  S  AM)  Ml  i  MODS 

i  Inmnn  periphet  .:l  hhnuf  f'Hl  nu*n>MihU’tn  o/h.  IVriphcr.il  blood  Ol  '0  inlt  was  i  <4h  >.v  ' 
horn  naim.il  health;.  lahoralorv  personnel  into  hepanni/cd  \yinges  or  hulls  coat  ceb-  1 1 . »• 
•inn- ml  unit  offreshlv  drawn  heparinized  Mood  tVom  the  l  imush  Red  Cm>v  Rlood  Iran 

(  entre  .veto  used  I'he  isol.ition  ol  mononueleai  eeils  vv. is  started  within  1  hriluKu  ttotv  puv . 

or  4  In  <huH\  coal  cells t  alter  the  Mood  was  collected  Peripheral  biood  was  liisi  diluted  1  '  4 
coat  •  ells  I  4  S  hi  phosnhale-hnlleied  saline  ( I' MS.  pH  7  ?)  and  4o  ml  <>i  hue  diiu'ion  at!  Il  !  ' 
mind -houomui  5t)-ml  cent!  4’ueaiiou  tubes  I  en  tmliih'u's  (4  btcoll  Isop-quc  <n  I  u  • »' I  I  .  . 

I sp  i*i  |  n'7\  Rovum.  l%Xi  w .n  eatelulK  leveled  at  the  hoiton.  and  the  tubes  spun  .0  I  .nun  •  p 
lot  }n  mm  at  room  u.-ntpvi  ati.rc  using  Son  a*  Rl  • '  or  an  MSI  ecntnkip.e  l  he  ceib  at  the  irt. 
vere  collected.  washed  twice  m  PRN.  and  hie  numhcis  of  viable  cells  assessed  «  .me  h'p.  n  1 
exclusion  i  he  yieltl  nl  mononuclear  cePs  t.iitged  Ivtween  0  s  to  J  •  10’  per  ml  ot  •'load  (  \  t*  c  ' r 
I’uee  smears -AiMe  (*ic '  •lotiaOv  j'lep.-i  d  alter  !  noil  I  .opaque  sep.n ation  \ « *.  :  l'"r  r 

sepaialton  about  ol  die  cell .  wet e  ,.ioi'ph"l»,eicalK  small  Kmpluvvtes  ..  comp. tied  t<  =  abe 
p{?  ‘  belore  I  icoll  !s< M'ai.me separation  Pill  !rom  lahnraVi  \  personnel  were  o.bt  ;:ncd  \ olur.l.  :T 
an  !  will;  mloitncd  consent  Rull\  eo.  ls  ,» i v*  :*'aiinelv  separate*!  itoin  the  don.  ted  blood  .0  me 
I  mnish  Red  (  less  Riooil  i  rauslusion  (  entre  and  normallv  used  bn  mterleioi.  pi»»ilm  li«*n 

I  nh'nn.  I  lie  anlmens  u>ed  weie  kcvholc  limpet  haemocxnmn  i  K  I  Hi.  clue  ken  c»imm..;,i.-‘<nl :: 
a  terpoKme?  ol  i  -piul.imic  acid*-1-!  -.ii.mine  '  i-t\iiuiiicJ"  i(iAT.  Miles  N'ed.i  i«-:  - 

another  onthctic  polv pephde  pol\(i -l\ i ,  anc  i  rlui.uuu  acid )-pol\i i>j  .0  inmet  pob.d -\\ •* ' a 
tabbreviated  i  1  .<  i)*A- -!.)  and  their  dimtro-  (HNI't  or  hinitro  MNP)  pheinl.dei!  demati'es 
INP-KI  I!  had  etpht  and  l>N!’-('(i(r  seven  eroups  of  INP  *>r  DNP  per  10'  dai'<ms. 

I  )N  P-(  i  A  l  aikl  I  )NP  (  I .( i  i-A-  I  two  eroups  ol  I  )N  P  pet  l  o'  dal  tons  K.  1  1 1  w  is  k  nulls  pt  w  t*  V\' 
bv  Pr«  !'essi>r  M  R.  RihenK'ri\  t  !n»\ersit\  oT  t  )r coon.  I  cuOatul.  I  S  A.  and  tnnitiophetnlatc. 
previously  dosciihcd  iRittenlvrp  vS  Amkiaiil  PVmo.  (  (  ’»(»  was  prepaied  b\  ammonium  sulpha* 
mccipKahon  honi  norma!  i  hickcrt  senirr.  and  dmitrophens'latcd  a>  described  1  \v  J  jsen  ii4kli 
(  r.Cij-A-  -I  waskmdb  donate  !  b\  Prolcssi'r  Pdna  Mo/e>..  Department  olVhenucal  Immttuoloj;. 
Wei/mann  Institute.  Rehnxot.  Israel.  (iM  and  (  r.(i)-A-  -L  were  Jitutrophens  la  ted  .is  pus  -  -“s'-- 
desi  ribed  (I  lowie  cl  nl .  P>7?) 

■Intnu/h  Mecause  ol  tlie  lack  ol  a  reprodneible  Imm an  li cell  response  sxstem.  si.ppicsso*  l.a 
were  lc  led  usinp  spleen  cells  trom  normal  CR  \  or  RJ0  ScSn  mice  or  from  CR  N  mice  imnuint/A! 
with  kill.  'INP-KI  M  or  |lNP-(  (it?  in  nm.  I  lie  I  NP-kl.H-imtmini/eil  mice  iceived  O-’cc 
intraperitone  il  inieetu>ns  ol  1 1 10  /.-y  of  I  NP-KI  l !  in  I  round’s  complete  adiuv.mt  at  weeklv  mteioi  ' 
follow  cd  l>\  tluee  mhapo:  itoin\0  'njechons  <4  100  m;  ol  JNP-Kl  H  m  saline  toeeiher  with  O' 
H  nr  tit  ft  flit  prrtuwi.\  organisms  at  wcekk  intervals.  DNp-(  ( iCi-primed  mice  lecewe.!  thiee  week  I' 
injection'  ot  100  /m  ml  D\P  (  (i<i  ahsi«r!vd  onto  bentonite  (Rittcnberi*  .S  Pratt.  1‘hvUi  and 
kl  ll-pnmed  mice  three  imeenons  o!  too  //p  ml  ol  k  LH  in  \  reimd's  complete  adjuvant  1 ’1- 
spleens  were  used  2  weeks  to  2  months  aftci  the  last  antipen  injection  CR  N  mice  bred  .4  Ok 
Department  o|  M,ktcrit4op\  and  lmmunoh»p\ .  I'lmetsi'.v  <4  Helsinki,  were  tnainlv  used  Ustmee* 
( tAI  or  A- -I  suppression  was  made  usimt  HiO  mice  from  the  ICR!  hi  ceding  unit  Ik" 

mmnnmm/ed  unco  wen*  alvui!  '  month'  of  age  w  hen  used,  immune  mice  were  f>  S  months  old  when 


Human  linnet  n-.s/h  rtfii  su/ipiv^  ,ion  ;  i  «_ 

•u  i  nil ut>  .  i »//»;,; h  !  he  Mwijc  v  eiii.ie  iikdium  t.sL'.i  w a-.  K  I’M  I  t<  4*»  ■  * < j » •  ? i ?<. t.  ill 
etai  rail  ses  in:  1 1  t  S  I- u  »vv  >.  peh.rilliu  t iOO  tu  ici )  md  1 1 j -i  *  -  *  ’  »> ». » !  -  1 t do  ,:j»  • ; .  S  j  »> ..  u  i.  >  •  ■: 
.u'u  ! :  »! . *i  !< »i  the  ahilu \  1* *  Mippoi l  iiuliMiou  »  i  mm  u.r  h.  !;\  i  t ;  ik  an.1 1  .•  «<p  : .  '  i  ■ .  1  t.  e*- 

0,r  st-'v  ant  ?v»l\'i»cs  were  Used  I,  r  cultures  <4  rnciMii  .r!k  l  i  e  :*><  .11  the  tua-t 

|i.. 1 :  tiK  itl  of  the  M .!  rln  %  *»4.  Mas  A  u  .is  biea  1  hnii.uc  Om  I.  led  a  u  d  *  •  »n I .* * .  .1 1 1  .  m  1 .  .1 4  -: *  *  1 :  u>  1 
ill  "Ml.  !  Iie*.c!ls  Ul  tflC  1 IHKI  UMlip.lI  OilCMl  Ol  V>.|1  hii»>k  |!.;\ks  ’.u  I  C  I H  i  f :  I  1  -  |1>  .IIM  )  :t  il!,M  n! 
! u : it  Ml  ttiv  culture*  were  pciloim.vl  a:  i-?  (  in  •.  Lmi'  i  1 1 alinosj.bc’v  »■'  1''"  ( 1  an 

<>f  w</»/v «  v\i"'  .1  //■.  atui  Uhi'tty  {  hr  indiivtioi:  %  >i sappiessoi  v.C;:  ■  air-  :.hI.ms  •- 

>:  .il!\  .is  |*jv\ icihK  dev  vihed  with  mui  me  cells  <  Konli  hmci  .V  f  ! ,*’7c  !‘f  ?  1  Hi  k  ti \ 

0  Hi  IMU  monunuele.it  veils  we»e  culUued  woii  tou/ie  n:l«d  kl  H.m  >i  I  \  1  j-  \  l  m 
1  iik  1  it »n: pertinent  ni  Mai  On*  *k  flasks  lui  4  das  •»  m  ,  in .  -  A!  tci  4  d  1  vs  •  a  v  uiti.ie  1  he  v  rii *  a  v  1 
cst  rd.  s\  ashed  and  the  numbei  s  ul  \  mMc  veil" •.  <>uii!ai  Hsu;:  t»  s  pan  blue  cm  ’i.->  >n  I  |:c  ;s  r  me 
'<•1  \  table  cells  al’tei  the  4-da\  cultuic  were  40  NO"  wul  hmhci  i-.  n  >verit  d  i!v  ved  dt  :.sii\  .\.r 
!,»wer  !  lie  eell%  ad|U-!wd  u»  »  Id'  uahl-*  id!-  i:i!  s^ce  K.i  llk*:  cui'.red  • « -i  M  4"  In  in 
:*!Ot'k  il.r  ks  together  with  I  /ia  ml  <n' ihe  a'lt.'.vn  ti>e*t  dun:  _  ;hc  I.ra  4  da>  eeiiu.c  'll.  j  ‘iit 
•S-hr  enliuie  ilk*  MipeMUtarils  were  lui:\estcd.  sp.iii  down  .1!  !  in  f>  :  1 1  •  1  1 :  * 

t’d.  'led  alld  st»»n-d  at  I  Hc'-e  uperiMiaill  .  w-je  M  '  npj'Us  .n  l.utois  (Si 

■  i:v  sj-  v  ilieits  (anfiveii  u.»ed  ■»  '.ndtieii- )  indie  a  etl  ''I  r  ■  ,1.  ..m  mv. 

. */  s/.'Y’/t  >*"/  / . •  *  ..v  fain  Nappies  .<*r  I.a  :*»i's  weie  .i'  ase-.i  t >1 »  n  . s  j.Ievii  1 1  -■  ■ « >i r :  • 

■;  <»i :  a  •»  j  ;»mcd  helpet  wds  si  spicer.  cells  h»*r  ntk»  pinned  >u  •  i  ’si’-kl  il 

>v :  a  i.s  'ikvilk  Id!  k  I  H.  <  i A  I  •>*<!.<«»  \  l  w.  iv  ptieti  i  1  ■  is  »ie»  «•  1  ■!».!•  m  sitxd 

:  iuV  I  eldni.il’J'  : A  f  jnw  a  I  in/.  Iv,7‘\  \U  !  >' -le'ai!  A  (  *  *»  •  10 

■  !'s  were  i:K  '«’»:(ed  !ea  4  d  .  .s»'.  •//»  •  with  i  iat  \  li  1  1  \  l  *i  1 »  C » •  \  i  ,-.i 
■;>: 1}.  Masks  \!tci  i  J.i\s  m  eulluic  Ok  ell  *  wen  I • . s  1  «  :vA-.i.  .m  ::!•;*  •  n.  I vi  n  ,f  \  i.O- 

.-,ed  I  uese  cells  wei*  leiined  III  I  l?:ee  hamlied.  iiioiisaikt  \  !*  were  .hi  '  l  1.*  •  |o  1:  •  r  1  • . . •  1 

:ii  veil-*  iiMjeilk'i  vsid:  I  ,.;J  m!  i>l  ‘lie  appi*M%  i.ite  .n*U:  n  INI*  h.lM  i  •M’  •  .  \  i  a 

|  ( i  »-A  -1  in  Hie  presence  »•  .ih>»M.-eol  V>  hen  •  .  •  K  1  1 1-pi.uual  li*  ‘re.  ^  aeie 

spiiv’i  *  s ik  !  ,*ta  K  I  H  u  .Hii.iif/eti  we'e  !:;i  i.V  ■:  1 1  ■  s • : :  I.  i»u«  •  '>«  .  •  1 1  :  '  .  ;•  *i»  a 
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ATTACHMENT  NO.  3: 


Presented  at  the  "Third  International  Workshop 
on  Alloantigenic  Systems  in  the  Rat"  -  June  1980, 
Philadelphia,  PA. 


INHIBITION  0?  MIXED  LYMPHOCYTE  RESPONSE  BY  MONOCLONAL  ANTIBODIES  SPECIFIC  FOR 
RAT  LYMPHOCYTE  SUBSETS 

J.A.  Bash,  S.  Shapiro,  L.E.  Adams  and  J.N.  Woody,  Immunologic  Oncology 
Division,  Lombardi  Cancer  Center,  Georgetown  University  Medical  Center, 
Washington,  D.C,  20007- 

Monoclonal  antibodies  specific  for  rat  lymphocyte  membrane  antigens  have 
been  produced  by  fusing  mouse  myeloma  cells  and  spleen  cells  from  mice 
immunized  with  rat  cell  membrane  antigens  (Williams  et  al.  Cell  12:663,  1977). 
These  reagents  have  previously  been  shown  to  be  useful  in  defining  functional 
subsets  of  cells  involved  in  the  generation  of  mixed  lymphocyte  responses  (MLR, 
Webb,  et  al-  Nature  282:841,  1979).  In  the  present  study  antibody  produced  by 
clones  W3/13  and  W3/25  (anti-T  cell)  and  0X3  (anti-la  glycoprotein)  were  added 
at  the  start  of  culture  of  F344  (P.TI^-)  responder  spleen  cells  or  peripheral 
blood  lymphocytes  with  BN  (RT1n)  or  DA  (RT1av1)  stimulator  spleen  cells 
(2000  R  irradiated) -  MLR  responses  at  120  hr  were  determined  by  3tf.  thymidine 
incorporation  (18  hr  pulse).  Responder  cells  were  simultaneously  cultured  with 
phytohemagglutinin  (PHA)  in  the  presence  of  antibodies  and  assayed  I'or 
jH-thymidir.e  incorporation  at  the  end  of  72  hours. 

In  agreement  with  the  results  of  Webb  et  al.  (Nature  282:841 ,  1979)  W3/25 
antibody  was  highly  inhibitory  to  MLRs  (100?  inhibition  at  50  ng/ral)  while 
W3/13  failed  to  inhibit  even  at  50  mg/al .  Interestingly,  OX3  antibody  specific 
for  rat  la  antigen  was  as  strongly  inhibitory  as  V3/25.  It  has  previously  been 
shown  that  W3/25  acts  on  the  responder  cell  without  being  cytotoxic.  Since  0X3 
antibody  has  been  shown  to  bind  to  cells  of  RT1-  rat  strains  but  not  to  3N 
(?.T1r-/  or  DA  (ET"’')  it  may  be  presumed  that  the  responder  cell  is  also  the 
target  for  the  0X3HL  inhibition.  Neither  W3/25  nor  0X3  antibodies  inhibited 
the  polyclonal  T  cell  response  to  PHA  at  100  times  the  concentration  at  which 
the  MLR  was  inhibited,  suggesting  that  the  mechanism  of  inhibition  is  specific 
for  alloantigen  stimulation.  Since  la  antigen  specific  for  0X3  antibody  has 
not  been  previously  detected  on  peripheral  T  cells  these  results  suggest  that 
the  target  for  the  inhibitory  effect  is  either  a  very  small  subpopulaticn  of  T 
cells  bearing  la-associated  receptors  for  stimulation  or  an  la-bearing  macro¬ 
phage  required  for  antigen  presentation.  Attempt  to  identify  the  functional 
subpopulation  are  underway. 


ATTACHMENT  NO.  4 

Abstract:  Fed.  Proc.  40,  1033,  1981  -  Presented  at  the  FASEB  meetings, 
Atlanta,  Georgia,  April,  1981 


iMUftlTtftt  or  KI2U*  r*OUFUUXlV£  RESPONSES  TO  AM  ICO  S  ASD 
HtTOCi*S  RY  HU*Atr\ttQ3l  AND  AMI  DR  ASTIBOUUS.  J.R.lnub*, 

H.  Bruns*  lc'<t*,E.Vettur*r*,  and  J.K.Voody.  Ctorgttowa  Uotwtrslty 
School  of  KtJteiav*  VasMajitoa,  D.C.  20007 

Dose  r«»pou«  and  klacttc  stuilts  w»r*  p»cfon»4  to  4efina 
CoadUtoiis  und»r  which  opttaul  proliferative  resp«OM9  to-  , 
Influenza  vlrui  (IK),Utanit»  toxoid  (IT)  and  poheweed  plto^co 
(TOO could  be  obealo«4  In  vitro  froa  hiuan  pidpbtrai  blood 
oonoauclear  UckceyUi  (FJW).Fot  IF  and  IT  separation  ol  TSM 
into  sheep  erythrocyte  (t)  ro9Kt«  positive  (1^)  and  negative 
(D  populations  and  Irradiation  prior  to  reconstitution 
revealed  that  the  proliferative  cell  was  E*  but  required 
the  presence  of  an  t'cell  to  respond.  Irradiation  of  E*  cello 
la  excess  of  500H  ellalnated  the  response ,  vh.reas  little 
effect  was  apparent  even  vhen  the  I"  population  had  been 
Irradiated  vich  30004  prior  to  reconstitution.  The  P«| 
proliferative  response  vjs  pr  odors  lnatly  that  of  I+  cells, 
however  addition  of  t~  radiation  resistant  cells  enhanced 
the  response.  The  addition  of  rabbit  antl-huaan  U(p2),30) 
or  a  Monoclonal  antl-DR  frune-ork  (DA2)  antibodies  in 
contrast  to  control  antisera  Inhibited  the  proliferative 
response.  These  results  surest  that  the  proliferative 
response  to  particulate  (IF)  and  soluble  (TT)antigens  as  veil 
as  oito’ens  requite  the  presence  of  radLatlon  sensitive 
t*  cells  as  veil  as  radiation  resistant  E“  cells.The  inhi¬ 
bition  of  responses  vlth  antl-DR  antibodies  nay  suggest  that 
essential  cell  Interactions  or  factors  are  being  Mocked. 
(Supported  by  CM  contract  HOOO-K-77-C-0748) . 
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ANTIGEN  SPECIFIC  HELPER  FACTOR  REACTS  WITH  ANTIBODIES 
TO  HUMAN  ft  2  MICROGLOBULIN  1 


From 


Jonathan  R.  Lamb^,  Edward  D.  Zanders^,  Arnold  R.  Sanderson, 
Philip  J.  Ward,  Marc  Feldmann,  Sirkka  Kontiainen, 
Thomas  Lehner,  and  James  N.  Woody 


Department  of  Oral  Immunology  and  Microbiology, 

Guy's  Hospital  Medical  and  Dental  Schools, 

London  SE1  9RT,  England;  Mclndoe  Memorial  Research  Un’t, 

East  Gr instead,  Sussex,  England;  ICRF  Tumour  Immunology  Unit, 
Department  of  Zoology,  University  College,  London  WC1E  6BT,  England; 
Department  of  Bacteriology  and  Immunology,  University  of  Helsinki, 
Haartmaninkatu  3,  00290  Helsinki  29,  Finland;  Immunologic  Oncology 
Division,  Lombardi  Cancer  Research  Center,  Box  63  Med-Dent  Building, 
Georgetown  University  School  of  Medicine,  3900  Reservoir  Rd.,  NW, 
Washington,  D.C.  20007. 
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This  work  was  supported  by  a  grant  from  the  Medical  Research  Council, 

and  in  part  by  Office  of  Naval  Research  Contract  N000-1 4-77-0748. 

Jonathan  Lamb  was  in  receipt  of  a  Medical  Research  Council  Training 
Fellowship. 

Present  address  and  correspondence  to: 

Immunologic  Oncology  Division 

Lombardi  Cancer  Research  Center 

Box  63,  Med-Dent  Building 

Georgetown  University  School  of  Medicine 

3900  Reservoir  Rd.,  NW 

Washington,  D.C.  20007 

Present  address : 

ICRF  Human  Tumour  Immunology  Unit 
University  College  Hospital  Medical  School 
London  WClE  6JT,  England 

Abbreviations  used  in  this  paper:  MHC,  major  histocompatibility 
complex;  PBL,  peripheral  blood  lymphocytes;  SAI/II,  Streptococcus 
mutans  antigen  I/I I  complex;  MHF$^j/ji,  monkey  helper  factor 
specific  for  SAI/II;  HF sa I / 1 1 »  mouse  helper  factor  specific  for 
SAI/II;  human ^ 2-microglobulin;  SDS-PAGE,  sodium  dodecyl 

sulphate  polyacrylamide  gel  electrophoresis;  KLH,  keyhole  limpet 
haemocyanin;  DNP-SAI/II,  dinitrophenylated  SAI/II;  Hepes, 
4-(2-hydroxyethyl) -1  piperazine-ethane  sulfonic  acid;  FCS,  fetal  calf 
serum;  NaSCN,  sodium  thiocyanate;  PBS,  phosphate  buffered  saline; 
AFC,  antibody  forming  cells;  Fv,  framework  determinants  of 
immunoglobulin  variable  region. 


SUMMARY 


Antigen  specific  helper  factor  was  induced  in  vitro  from  lymphoid  cells  of 
monkeys  and  mice  using  an  antigen  derived  from  Streptococcus  mutans.  Helper 
activity  was  removed  from  supernatants  of  monkey  cells  by  affinity 


chromatography  on  Sepharose  4B  insolubilized  antibodies  specific  for  human 
^2-nn*cr°9lobulin  (H^M)5  prepared  in  chicken,  rabbit  and  rat.  Also  an 
insolublized  monoclonal  mouse  anti-ijfeM  antibody  bound  monkey  helper  factor 
activity.  However,  guinea  pig  antibody  to  human^2M  was  inactive.  In 
parallel  studies,  the  pattern  of  absorption  of  mouse  helper  factor  (HF)  was 
different  from  the  monkey,  in  that,  insolubilized  guinea  pig  anti-H&M  bound 
helper  factor,  whereas  rabbit  and  monoclonal  anti-Hj^M  failed  to  do  so. 

Although  these  findings  are  not  compatible  with  an  intact^  2M  chain 
being  present  in  helper  factor  they  may  imply  a  cross  reactivity  of|32M  with 
a  "constant  region"  of  helper  factor  which  may  share  common  sequences  with 
^2m*  This  may  suggest  that  factor  genes  have  evolved  from  the  same  ancestral 
genes  as  |>2M* 


INTRODUCTION 


The  regulation  of  immune  responses  is  mediated  by  a  complex  network  of 
interacting  cells,  which  either  augment  or  suppress  the  overall  response.  Cell 
to  cell  contact  does  not  appear  to  be  an  essential  step  for  some  pathways 
in  vitro,  and  immunological  regulation  can  be  mediated  by  soluble  factors  which 
can  be  antigen  specific  (1-6)  or  non-specific  (7-9)  in  nature.  There  is 
evidence  that  both  these  classes  of  factors  may  carry  determinants  encoded  by 
genes  mapping  in  the  I  region  of  the  murine  major  histocompatibility  complex 
(MHC),  or  in  the  analogous  HLA-D  region  of  the  human  MHC  (10,11). 

We  have  recently  described  an  antigen  specific  helper  factor  (12)  induced 
in  vitro  from  the  peripheral  blood  lymphocytes  ( PBL )  of  rhesus  monkeys  or  from 
mouse  spleen  cells,  upon  stimulation  with  an  antigen  derived  from  the 
cariogenic  bacterium  Streptococcus  mutans  (SAI/II;  13,14).  This  helper  factor 
had  functional  and  biochemical  properties  identical  to  those  described  for 
specific  helper  factors  which  augment  B  cell  responses  to  determinants  on 
proteins  or  polypeptides  (5,15).  We  report  here  the  reaction  of  functionally 
active  monkey  (MHFSAI/n)  and  mouse  (HFSAI/II)  helper  factor  with  purified 


anti-H^M  antibody  preparations  raised  in  different  species  and  a  monoclonoal 
antibody  that  recognizes  human 2  microglobulin  (H^M).  The  implications 


for  factor  structure  are  discussed, 


MATERIALS  AND  METHODS 


Animals:  C57B1/10.BR  (BlO.BR)  mice  bred  at  Guy's  Hospital  from  breeding 
stock  obtained  from  Imperial  Cancer  Research  Fund  Breeding  Unit,  Mill  Hill, 
London  and  aged  between  three  and  six  months  were  used  for  spleen  cell 
cultures.  Rhesus  monkeys  (Macaca  mulatta)  aged  between  two  and  three  years  and 
weighing  2  to  3.5  kg.  bled  from  the  femoral  vessels  provided  a  source  of  PBL's. 

Antigens:  SAI/II  was  prepared  from  the  culture  supernatant  of 
Streptococcus  mutans  (Serotype  c;  Guy's  strain)  as  described  in  detail 
(13,14).  Briefly,  an  ammonium  sulphate  precipitate  was  collected,  redissolved 
and  separated  on  a  DEAE  cellulose  column.  The  eluted  antigen  was  further 
purified  on  Sepharose  6B  (Pharmacia,  Uppsala,  Sweden)  and  characterized  as 
showing  a  single  band  on  sodium  dodecyl  sulphate  polyacrylamide  gel 
electrophoresis  (SDS-PAGE).  The  antigen  consisted  predominantly  of  protein 
with  an  apparent  molecular  v/eight  of  185,000  daltons.  Keyhole  limpet 
haemocyanin  (KLH)  was  the  gift  of  Dr.  M.  Rittenberg,  Portland,  Oregon. 
Dinitrophenylated  SAI/II  (DNP-SAI/II)  prepared  as  previously  described  (12) 
using  dinitrofluorobenzene  had  five  groups  of  DNP/100,000  daltons. 

i 

Tissue  Culture  Media:  Cell  suspensions  were  cultured  in  Hepes 
(4-(2-hydroxyethyl)-l -piperazine-ethane  sulfonic  acid)  buffered  RPMI  1640 
supplemented  with  penicillin  (100  IU/ml),  streptomycin  (100  IU/ml)  and  5%  fetal 
calf  serum  (FCS;  Gibco,  Paisley,  Scotland).  The  outer  compartment  of 
Marbrook-Diener  tissue  culture  flasks  and  Costar  plates  (Bellco  Glass, 

New  Jersey)  were  filled  with  bicarbonate  buffered  RPMI  1640,  supplemented  with 
5%  FCS  and  5  x  10~^M  2-mercaptoethanol . 


Antisera :  Chicken,  rabbit,  rat,  and  guinea  pig  anti-H^M  antisera  were 
prepared  by  immunizing  groups  of  animals  ( 50-200 ^\g/kg)  intramuscularly  with 
Hj^M  in  complete  Freund's  adjuvant  followed  by  three  weekly  boosts  in 


incomplete  Freund's  adjuvant  until  a  strong  response  was  detected  by 
radioimmunoassay  (16),  with  Purified  from  the  urine  of  patients  with 
Willson's  disease  (17).  Monoclonal  anti-^2^  was  prepared  from  a  hybridoma 
culture  kindly  supplied  by  Ceppellini  and  Trucco  (18)  which  was  produced  by 
fusing  BAIB/C  spleen  cells  previously  immunized  with  human  PBLs  with  the 
plasmacytoma  as  described  by  Kohler  and  Milstein  (19).  Positive  clones  were 
identified  by  the  binding  of  supernatant  immunoglobulin  to  human  lymphocytes 
but  not  to  human  erythrocy tes .  Confirmation  of  anti-H^M  activity  was 
obtained  by  the  direct  binding  of  supernatant  immunoglobulin  to  wells  of 
microtitre  trays  coated  with  human^M  (Sanderson,  unpublished). 

Immunoglobulin  having  anti-Hj^M  activity  was  purified  from  sera  by  absorption 
and  elution  from  columns  consisting  of  the  pure  protein  bound  to 
activated  sepharose  4B  (Pharmacia,  Uppsala,  Sweden),  using  3M  sodium 
thiocyanate  (NaSCN)  or  0.5%  acetic  acid  as  eluent.  Purity  of  Hj^M  or 
antibody  was  confirmed  by  SDS-PAGE  and  isoelectric  focussing. 

Preparation  and  use  of  immunoadsorbents 

The  antigens,  SAI/II  and  KLH,  and  the  anti-H  M  antisera  were  coupled  to 
cyanogen  bromide  activated  sepharose  4B.  The  purified  proteins  were  coupled  at 
lmg  per  ml  of  adsorbent.  Before  use  the  immunoadsorbents  were  washed  once  with 
3M  NaSCN  followed  by  three  times  with  phosphate  buffered  saline  (PBS).  For 
absorption,  factors  at  a  dilution  of  10"*  were  used  in  the  ratio  of  1ml  of 
factor  to  1ml  of  beads.  After  mixing  for  two  hours  at  4°C  the  unbound 
material  was  recovered  by  centrifugation,  millipore  filtered  and  stored  at 
-20°C  until  used.  The  beads  were  washed  five  times  with  PBS  and  the  bound 
material  eluted  from  the  beads  by  washing  with  3M  NaSCN  in  the  ratio  of  1ml  per 
ml  of  beads.  The  eluted  material  was  diluted  with  an  equal  volume  of  PBS, 
dialyzed  against  saline  for  24  hours,  millipore  filtered  and  stored  at 
-20°C.  The  absorptions  were  carried  out  on  more  than  one  occasion  using  the 


same  batch  of  helper  factor.  In  addition  other  absorptions  were  performed  with 
a  fewer  number  of  immunoad sorbent  preparations,  using  four  different  batches  of 
helper  factor.  The  pattern  of  reactivity  was  consistent  within  each  species. 
The  preparation  and  assay  of  helper  factors 


The  preparation  and  assay  of  the  helper  factors  was  performed  as 
previously  described  (12).  Briefly,  mouse  (B10.BR)  spleen  cells  or  monkey  PBL 
at  15x10®  and  5xl0®/ml  respectively  were  primed  in  vitro  in  Marbrook-Diener 
flasks  with  0.01^g/ml  of  SAI/II  for  four  days  to  induce  helper  cells.  These 
cells  were  harvested,  washed  and  restimulated  with  0.1^\g/ml  of  SAI/II  for  24 
hours  and  the  cell  free  supernatants  (helper  factor;  HF$/\i/ji  and 
MHFsai/h)  were  collected.  HFSAj/jj  and  MHFs^j/j^  at  a  final 
concentration  of  10"^,  the  previously  determined  optimum  concentration  for 
all  batches  tested  so  far  were  assayed  in  Marbrook-Diener  flasks  or  Costar 
plates  in  the  presence  of  10^  or  5x10®  unprimed  (input)  BIO.BR  spleen 
cells,  respectively,  and  0.1^g/ml  of  DNP-SAI/II  (12).  The  anti-DNP  antibody 
forming  cells  (AFC)  were  assayed  on  day  4,  using  the  modified  Cunningham  assay 
(19)  using  DNP-Fab  coated  SRC  and  uncoated  SRC.  DNP  specific  plaques  were  the 
difference  between  the  two.  Since  unprimed  spleen  cells  were  used,  only  IgM 
AFC  were  detected.  All  cultures  were  carried  out  in  triplicate  and  assayed 
separately.  Within  each  experiment  the  numbers  of  AFC  in  each  group  were 
compared  to  a  background  of  the  response  of  10^  or  5x10®  unprimed  BIO.BR 


spleen  cells  to 


of  DNP-SAI/II. 


RESULTS 

Antigenic  Specificity  of  Helper  Factor:  Immunoadsorbents  were  used  as 


probes  to  examine  the  antigenic  specificity  of  helper  factors  used  prior  to 
their  further  characterization .  The  activity  of  monkey  and  mouse  helper 


factors  induced  with  the  antigen  SAI/II  bound  to  immu no absorbent  columns  of 
SAI/II  and  v/ere  eluted  with  NaSCN.  However,  the  activity  failed  to  bind  to 
columns  of  the  unrelated  protein  antigen  KLH  (Table  1). 

Reaction  of  helper  factor  with  insolubilized  anti-H&2)-microqlobul in 


w 

antibody 

The  reaction  of  MHF  with  immunoadsorbents  comprising  of  affinity  purified 
heterologous  antibodies  to  Hj^M,  and  a  similarly  purified  monoclonal  antibody 
to  H^2m  are  shown  in  Figure  1.  The  activity  of  MHF  could  be  absorbed  by  and 
eluted  from  the  chicken,  rabbit,  and  rat  as  well  as  mouse  monoclonal 
anti-H^M  columns  using  3M-NaSCN.  In  addition,  it  has  been  found  that  MHF 
could  be  competitively  eluted  from  monoclonal  anti  -H^2M  columns  with  pure 
(Zanders,  Lamb  and  Sanderson,  unpublished  observation).  Guinea  pig 
anti-f^2^  immunoadsorbents  did  not  react  with  determinants  present  in  monkey 
helper  factor. 

Analogous  experiments  v/ere  performed  using  SAI/II  specific  helper  factor 
from  B10.BR  mice  (Fig.  2).  The  experiments  revealed  that  anti-H^d'l  likewise 
bound  helper  activity,  but  the  pattern  of  absorption  was  different  from  that 
obtained  when  monkey  factor  was  reacted  with  the  same  immunoadsorbents.  The 
functional  activity  of  mouse  helper  factor  was  absorbed  by  columns  containing 
chicken,  rat  and  guinea  pig  anti-H^M  antibodies.  The  latter  is  contrary  to 
that  observed  with  monkey  factor;  similarily  the  inability  of  monoclonal 
anti-Hj^M  to  absorb  mouse  helper  factor.  The  rabbit  anti-H^M  antibody 
also  failed  to  bind  the  activity  of  mouse  HF$ai/ij. 


DISCUSSION 


Antigen  specific  factors  have  been  reported  to  react  with  antisera 
specific  for  immunoglobulin  variable  region  idiotypes  (11,21)  and  framework 


(Fv)  structures  (22).  Furthermore,  antisera  directed  against  factors  have  been 
reported  which  recognize  determinants  linked  to  the  functional  type  of  factor 
(e.g.  helper  or  suppressor)  but  not  to  determinants  related  to  the  specificity 
or  mouse  strain  of  origin  of  the  factor  (23).  These  sites  of  cross  reactivity 
were  termed  "constant  regions"  (23).  Neither  HLA  (heavy  chain)  determinants  in 
man  (Lamb,  Zanders  and  Sanderson,  unpublished  observation),  nor  those  of  H-2K 
or  D  regions  in  the  mouse  (5,24)  have  been  found  on  factors. 

The  results  presented  here  demonstrate  absorption  of  the  activity  of 
monkey  antigen  specific  helper  factor  by  chicken,  rabbit,  rat  and  monoclonal 
(mouse)  anti-H^M  antibody,  v/hereas  guinea  pig  anti-H^M  did  not  recognize 
determinants  in  monkev  helper  factor.  The  absorption  capacity  of  the  columns 
was  high  since  lmg  of  purified  anti-lj^M  was  usec'  to  adsorb  1ml  of  helper 
factor  diluted  lO"*  in  all  cases  and,  thus  the  failure  of  guinea  pig 
anti-^2M  to  absorb  monkey  HF  is  not  likely  to  be  due  to  inadequate 
absorption  capacity.  This  was  verified  by  the  fact  that  the  column  absorbed 
all  of  the  mouse  HF  (Fig.  2). 

Mouse  helper  factor  also  reacted  with  anti-H^>M  antibodies,  but  with  a 
different  pattern  of  binding  as  compared  to  monkey  helper  factor.  Mouse  helper 
factor  bound  to  chicken,  rat  and  guinea  pig  anti-H^M  but  not  to  rabbit  or 
monoclonal  anti-H^M  antibody.  The  activity  of  the  latter  reagents  were 
verified  by  their  capacity  to  react  with  monkey  helper  factor. 

There  are  several  possible  explanations  for  the  failure  of  guinea  pig 
anti-human^  2r<1  to  bind  monkey  factor  or  for  rabbit  anti  -human  to  bind 

mouse  factor.  The  amino  acid  sequences  recognized  in  humanjlpM  by  guinea 
pigs  may  not  occur  in  monkey,  if  they  do  occur  then  they  may  be  obscured  by 
other  protein  chains  in  the  total  moiety  which  comprises  active  helper  factor. 
Indeed  tertiary  structural  features  within  the  A2M  like  molecule  occurring  in 


-+ 


helper  factor  may  similarly  explain  the  failure  of  guinea  pig  anti  human^M 
to  behave  as  other  mammalian  anti-human^  2r'1  reagents  do.  It  has  also  been 
found  that  a  determinant  on  free  human^  2^  cannot  be  detected  in  the  intact 
HLA  molecule.  (A.  R.  Sanderson,  personal  communication).  Similar 
considerations  apply  to  the  rabbit  anti -human  t0  hind  mouse  factors.  The 
case  of  failure  of  monoclonal  mouse  anti-human^  2M  to  hind  ^  *e  helper 
factor  however  is  different.  Mo  mouse  immune  reagent  is  likely  to  bind  to  a 
mouse^M  component  in  mouse  helper  factor  becauseyO  pM  is  monomorpliic 
within  all  species  even  in  mouse  where  it  has  been  claimed  to  be  dimorphic 

(25)  the  dimorphism  is  not  across  the  mouse  strain  differences  used  in  this 
study  (Balb/C  for  monoclonal  reagents;  B10BR  for  factors). 

The  results  are  reminiscent  of  observations  on  allogeneic  effect  factor 

(26) ,  although  the  serological  evidence  for  the  presence  of ^  pH  determinants 
was  less  unequivocal  in  this  earlier  study,  since  whole  anti-^pM  antisera 
were  used,  and  absorption  data  with  purified  antibody  was  not  reported.  It 
remains  to  be  determined  whether^?  2M  cross  reactivity  is  a  property  shared 
also  by  helper  factors  which  lack  antigen  specificity  in  addition  to  the 
antigen  specific  factors  reported  here.  Furthermore,  a  factor  reactive  with 
anti-^M  antibodies  has  been  reported  that  specificity  suppressed  IgE 
antibody  production  (27).  The  antigenic  similarity  between^pM  and  helper 
factor  led  us  to  test  the  possibility  that  intact  H^pM  may  directly  stimulate 
antibody  production  by  mouse  spleen  cells  either  alone  or  in  the  presence  of 
specific  antigen.  However,  no  effect  was  found  upon  adding  Hj*>pM  at 
concentrations  from  0.01-1 .O^g/ml .  (Data  not  shown.) 

There  are  a  number  of  possible  interpretations  which  can  be  drawn  from  out- 
data.  The  different  patterns  of  binding  between  the  two  factors  imply  that  an 
intact^pM  chain  is  probably  not  present  in  factors,  since  it  would  have  been 
expected  that  all  sera  to  H^pM  would  bind  monkey  helper  factor.  Although 


i 
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there  is  no  precedent  for  the  production  of  ^2™  chain  fragments,  it  is 
possible  that  helper  factor  contains  a  portion  of  the^M  chain,  or  that  a 
polypeptide  region  is  shared  by ^2^  arK*  helper  factor.  The  latter 
interpretation  appears  to  be  more  likely  in  view  of  the  evidence  that^g^ 
shows  sequence  homology  with  the  0^3  domain  of  IgG  and  serological  cross 
reactivity  suggests  that  helper  factor  contains  a  region  analogous  to  an 
immunoglobulin  domain.  This  concept  is  compatible  with  evidence  that  some 
factors  bind  to  protein  A  (M.  Cecka  and  R.  Cone,  personal  communication)  and 
with  certain  anti-Ig  reagents  especially  anti-IgM  (1,5,15). 

Factors  contain  a  variable  region  which  is  "immunoglobulin-like"  bearing 
Ig  idiotype  and  Ig  framework  (Fv)  determinants  (22).  Since  anti-HPj>M  does 
not  react  with  immunoglobulin  (Sanderson,  unpublished  observation),  it  is 
unlikely  that  the  anti-F/^M  antibodies  are  reacting  with  the  variable  region 
of  helper  factor.  Thus  the  reaction  is  presumably  with  the  "constant  region" 
of  factors  (23)  and  this  reactivity  with  anti-H^M  may  thus  be  a  reflection 
that  the  origin  of  the  genes  controlling  factor  "constant  regions"  may  be 
products  of  the  same  ancestral  genes  that  gave  rise  to|>2M- 

Clearly  further  work  is  necessary  to  clarify  the  precise  nature  and 
function  of  these  regulatory  factors.  Meanwhile  reagents  based  ori  monoclonal 
antibodies  having  defined  specificity  offer  considerble  promise  in  purification 
procedures. 
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Legend  to  Table  1 


*  Mouse  (HFsai/h)  and  monkey  (MHFS/\i/ii)  helper  factor  induced  with 
SAI/II  were  cultured  at  a  final  concentration  of  10“^  with  10^ 
unprimed  B10.BR  spleen  cells  in  the  presence  of  0.1y,g  of  DNP-SAI/II  for 
four  days. 

**  Background  response  of  10^  unprimed  810. BR  spleen  cells  to  0.1^g/ml  of 
DNP-SAI/II  without  added  helper  factor. 

***  Response  of  HFsai/II  anc*  MHF^j/n  cultured  with  10?  unprimed 
B10.BR  spleen  cells  without  added  DNP-SAI/II. 

Students  t  test  was  used  to  assess  the  significance  of  treated  as 
compared  to  untreated  helper  factor.  n=6„  A,P<0.05;  B,pC0.01; 

p  0.001. 

Six  other  experiments  gave  similar  results.  None  yielded  contrary 
findings. 


TABLE  1 


Antigenic  Specificity  of  Mouse  and  Monkey  Helper  Factor 


STIMULUS* 

HF 

Antigen 

Immunoadsorbent 

RESPONSE 

Anti-DNP  AFC/culture  +  SE 

DNP-SAI/II 

47+12** 

hfsai/ii 

- 

- 

30+6*** 

+ 

+ 

- 

470+57 

+ 

+ 

KLH  bound 

80+17c 

+ 

+ 

+  unbound 

350+70 

+ 

+ 

SAI/II  bound 

410+45 

+ 

+ 

+  unbound 

27+12c 

MHFsaI/II 

- 

- 

60+21*** 

+ 

+ 

- 

640+21 

+ 

+ 

KLH  bound 

97+17^ 

+ 

+ 

+  unbound 

480+71A 

+ 

+ 

SAI/II  bound 

527+4 lc 

+ 

+ 

+  unbound 

107+20c 

Legend  to  Figures 


Figure  1.  Reaction  of  monkey  helper  factor  with  anti-human^ 2  microglobulin 
antisera. 

Monkey  helper  factor  (MHFsai/h)  induced  with  SAI/II  was  added  at  a 
final  concentration  of  10"^  to  10^  unprimed  B10.BR  spleen  cells  in 
presence  of  0.1f\g/ml  of  DNP-SAI/II.  Cultures  were  performed  in  Marbrook 
flasks.  Anti-ONP  AFC  were  assayed  on  day  4. 

MHFsai/II  was  bound  and  eluted  (3M-NaSCN)  from  Sepharose  4B  columns 
anti-H^M  from  which  antisera  had  been  insolubilized  at  lmg/ml. 
Background  is  the  response  of  10^  unprimed  B10.BR  spleen  cells  to 
0.1^g/ml  of  DNP-SAI/II  without  added  helper  factor.  Students  t  test  was 
used  to  assess  the  significance  of  treated  as  compard  to  untreated 
MHFsai/II-  n=6>  A>  P<0-05  B,  P<0.01;  C,  K0.001. 

Two  other  experiments  gave  similar  results. 

Figure  2.  Reaction  of  mouse  helper  factor  with  anti-human  2  microglobulin 
antisera. 

Mouse  helper  factor  (HFSAI/Ir)  was  assayed  at  10~3  final  concentration 
on  5x10®  unprimed  (input)  B10.BR  spleen  cells  in  Costar  plates  in  the 
presence  of  O.l^g/ml  of  DNP-SAI/II. 

For  absorptions,  background  and  p  values,  see  legend  to  Figure  1. 
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SUMMARY 


Antigen  specific  helper  factor  was  induced  in  vitro  from  lymphoid  cells  of 
monkeys  and  mice  using  an  antigen  derived  from  Streptococcus  mutans.  Helper 
activity  was  removed  from  supernatants  of  monkey  cells  by  affinity 
chromatography  on  Sepharose  4B  insolubilized  antibodies  specific  for  human 
^ 2 cr09 1  °^u ^in  prepared  in  chicken,  rabbit  and  rat.  Also  an 

insolublized  monoclonal  mouse  anti-ijfeM  antibody  bound  monkey  helper  factor 
activity.  However,  guinea  pig  antibody  to  human|$2M  was  inactive.  In 
parallel  studies,  the  pattern  of  absorption  of  mouse  helper  factor  (HF)  was 
different  from  the  monkey,  in  that,  insolubilized  guinea  pig  anti~Hp2M  bound 
helper  factor,  whereas  rabbit  and  monoclonal  anti-Hj^M  failed  to  do  so. 

Although  these  findings  are  not  compatible  with  an  intact^  2^  chain 
.being  present  in  helper  factor  they  may  imply  a  cross  reactivity  of  with 
a  "constant  region"  of  helper  factor  which  may  share  common  sequences  with 
p2M*  This  may  suggest  that  factor  genes  have  evolved  from  the  same  ancestral 
genes  as  ^>2^- 


INTRODUCTION 


The  regulation  of  immune  responses  is  mediated  by  a  complex  network  of 
interacting  cells,  which  either  augment  or  suppress  the  overall  response.  Cell 
to  cell  contact  does  not  appear  to  be  an  essential  step  for  some  pathways 
in  vitro,  and  immunological  regulation  can  be  mediated  by  soluble  factors  which 
can  be  antigen  specific  (1-6)  or  non-specific  (7-9)  in  nature.  There  is 
evidence  that  both  these  classes  of  factors  may  carry  determinants  encoded  by 
genes  mapping  in  the  I  region  of  the  murine  major  histocompatibility  complex 
(MHC),  or  in  the  analogous  HLA-D  region  of  the  human  MHC  (10,11). 

We  have  recently  described  an  antigen  specific  helper  factor  (12)  induced 
in  vitro  from  the  peripheral  blood  lymphocytes  (PBL)  of  rhesus  monkeys  or  from 
mouse  spleen  cells,  upon  stimulation  with  an  antigen  derived  from  the 
cariogenic  bacterium  Streptococcus  mutans  (SAI/II;  13,14).  This  helper  factor 
had  functional  and  biochemical  properties  identical  to  those  described  for 
specific  helper  factors  which  augment  B  cell  responses  to  determinants  on 
proteins  or  polypeptides  (5,15).  We  report  here  the  reaction  of  functionally 
active  monkey  (MHFSAI/II)  and  mouse  (HFSAI/II)  helper  factor  wUh  purified 


anti-H^2M  antibody  preparations  raised  in  different  species  and  a  monoclonoal 
antibody  that  recognizes  human p  2  microglobulin  (H^M).  The  implications 
for  factor  structure  are  discussed. 


MATERIALS  AND  METHODS 


Animals:  C57B1/10.BR  (B10.BR)  mice  bred  at  Guy's  Hospital  from  breeding 
stock  obtained  from  Imperial  Cancer  Research  Fund  Breeding  Unit,  Mill  Hill, 
London  and  aged  between  three  and  six  months  were  used  for  spleen  cell 
cultures.  Rhesus  monkeys  (Macaca  mulatta)  aged  between  two  and  three  years  and 
v/eighing  2  to  3.5  kg.  bled  from  the  femoral  vessels  provided  a  source  of  PBL's. 

Antigens:  SAI/II  was  prepared  from  the  culture  supernatant  of 
Streptococcus  mutans  (Serotype  c;  Guy's  strain)  as  described  in  detail 
(13,14).  Briefly,  an  ammonium  sulphate  precipitate  was  collected,  redissolved 
and  separated  on  a  DEAE  cellulose  column.  The  eluted  antigen  wa^  further 
purified  on  Sepharose  6B  (Pharmacia,  Uppsala,  Sweden)  and  characterized  as 
showing  a  single  band  on  sodium  dodecyl  sulphate  polyacrylamide  gel 
electrophoresis  (SDS-PAGE).  The  antigen  consisted  predominantly  of  protein 
with  an  apparent  molecular  weight  of  185,000  daltons.  Keyhole  limpet 
haemocyanin  (KLH)  v/as  the  gift  of  Dr.  M.  Rittenberg,  Portland,  Oregon. 
Dinitrophenylated  SAI/II  (DNP-SAI/II)  prepared  as  previously  described  (12) 
using  dinitrofluorobenzene  had  five  groups  of  DNP/100,000  daltons. 

Tissue  Culture  Media:  Cell  suspensions  were  cultured  in  Hepes 
(4-(2-hydroxyethyl)-l -piperazine-ethane  sulfonic  acid)  buffered  RPMI  1640 
supplemented  with  penicillin  (100  IU/ml),  streptomycin  (100  IU/ml)  and  5%  fetal 
calf  serum  ( FCS ;  Gibco,  Paisley,  Scotland).  The  outer  compartment  of 
Marbrook-Diener  tissue  culture  flasks  and  Costar  plates  (Bellco  Glass, 

New  Jersey)  were  filled  with  bicarbonate  buffered  RPMI  1640,  supplemented  with 
5%  FCS  and  5  x  10“^M  2-mercaptoethanol. 


Antisera :  Chicken,  rabbit,  rat,  and  guinea  pig  anti-H^M  antisera  were 
prepared  by  immunizing  groups  of  animals  (50-200^g/kg)  intramuscularly  with 
in  complete  Freund's  adjuvant  followed  by  three  weekly  boosts  in 


Incomplete  Freund’s  adjuvant  until  a  strong  response  was  detected  by 
radioimmunoassay  (16),  with  purified  from  the  urine  of  patients  with 
Willson's  disease  (17).  Monoclonal  anti-^2^  was  prepared  from  a  hybridoma 
culture  kindly  supplied  by  Ceppellini  and  Trucco  (18)  which  was  produced  by 
fusing  BALB/C  spleen  cells  previously  immunized  with  human  PBLs  with  the 
plasmacytoma  as  described  by  Kohler  and  Milstein  (19).  Positive  clones  were 
identified  by  the  binding  of  supernatant  immunoglobulin  to  human  lymphocytes 
but  not  to  human  erythrocytes.  Confirmation  of  anti-H^M  activity  was 
obtained  by  the  direct  binding  of  supernatant  immunoglobulin  to  wells  of 
microtitre  trays  coated  with  human^M  (Sanderson,  unpublished). 

Immunoglobulin  having  anti-H^M  activity  was  purified  from  sera  by  absorption 
and  elution  from  H^>M  columns  consisting  of  the  pure  protein  bound  to 
activated  sepharose  4B  (Pharmacia,  Uppsala,  Sweden),  using  3M  sodium 
thiocyanate  (NaSCN)  or  0.5%  acetic  acid  as  eluent.  Purity  of  H^M  or 
antibody  was  confirmed  by  SDS-PAGE  and  isoelectric  focussing. 

Preparation  and  use  of  immunoadsorbents 

The  antigens,  SAI/II  and  KLH,  and  the  anti-H  M  antisera  were  coupled  to 
cyanogen  bromide  activated  sepharose  4B.  The  purified  proteins  were  coupled  at 
lmg  per  ml  of  adsorbent.  Before  use  the  immunoadsorbents  v/ere  washed  once  with 
3M  NaSCN  followed  by  three  times  with  phosphate  buffered  saline  (PBS).  For 
absorption,  factors  at  a  dilution  of  10"*  were  used  in  the  ratio  of  1ml  of 

factor  to  1ml  of  beads.  After  mixing  for  two  hours  at  4°C  the  unbound 

material  v/as  recovered  by  centrifugation,  millipore  filtered  and  stored  at 

-20°C  until  used.  The  beads  were  washed  five  times  with  PBS  and  the  bound 

material  eluted  from  the  "beads  by  washing  with  3M  NaSCN  in  the  ratio  of  1ml  per 
ml  of  beads.  The  eluted  material  was  diluted  with  an  equal  volume  of  PBS, 
dialyzed  against  saline  for  24  hours,  millipore  filtered  and  stored  at 
-20°C.  The  absorptions  were  carried  out  on  more  than  one  occasion  using  the 


same  batch  of  helper  factor.  In  addition  other  absorptions  were  performed  with 
a  fewer  number  of  immunoad sorbent  preparations,  using  four  different  batches  of 
helper  factor.  The  pattern  of  reactivity  was  consistent  within  each  species. 
The  preparation  and  assay  of  helper  factors 
The  preparation  and  assay  of  the  helper  factors  was  performed  as 
previously  described  (12).  Briefly,  mouse  (B10.BR)  spleen  cells  or  monkey  PBL 
at  15x10®  and  5xl0®/ml  respectively  were  primed  jin  vitro  in  Marbrook-Diener 


flasks  with  0.01|\g/ml  of  SAI/II  for  four  days  to  induce  helper  cells.  These 
cells  were  harvested,  washed  and  restimulated  with  0.1j\g/ml  of  SAI/II  for  24 
hours  and  the  cell  free  supernatants  (helper  factor;  HF^iyn  and 
MHFsAi/Il)  wsre  collected.  HFSAIy j j  and  MHFSAIyu  at  a  final 
concentration  of  10"^,  the  previously  determined  optimum  concentration  for 
all  batches  tested  so  far  were  assayed  in  Marbrook-Diener  flasks  or  Costar 
plates  in  the  presence  of  107  or  5xl06  unprimed  (input)  B10.BR  spleen 
cells,  respectively,  and  O.l^g/ml  of  DNP-SAI/II  (12).  The  anti-DNP  antibody 
forming  cells  (AFC)  were  assayed  on  day  4,  using  the  modified  Cunningham  assay 
(19)  using  DNP-Fab  coated  SRC  and  uncoated  SRC.  DNP  specific  plaques  were  the 
difference  between  the  two.  Since  unprimed  spleen  cells  were  used,  only  IgM 
AFC  were  detected.  All  cultures  were  carried  out  in  triplicate  and  assayed 
separately.  Within  each  experiment  the  numbers  of  AFC  in  each  group  were 
compared  to  a  background  of  the  response  of  107  or  5x10®  unprimed  B10.BR 
spleen  cells  to  O.l^g/ml  of  DNP-SAI/II. 

j 

RESULTS 

Antigenic  Specificity  of  Helper  Factor:  Immunoadsorbents  were  used  as 
probes  to  examine  the  antigenic  specificity  of  helper  factors  used  prior  to 
their  further  characterization .  The  activity  of  monkey  and  mouse  helper 


factors  Induced  with  the  antigen  SAI/II  bound  to  immunoab sorbent  columns  of 
SAI/II  and  were  eluted  with  NaSCN.  However,  the  activity  failed  to  bind  to 
columns  of  the  unrelated  protein  antigen  KLH  (Table  1). 

Reaction  of  helper  factor  with  Insol ubili zed  anti-H^2)-microqlobulln 

antibody 

The  reaction  of  MHF  with  immunoadsorbents  comprising  of  affinity  purified 
heterologous  antibodies  to  Hj^M,  and  a  similarly  purified  monoclonal  antibody 
to  are  shown  in  Figure  1.  The  activity  of  MHF  could  be  absorbed  by  and 
eluted  from  the  chicken,  rabbit,  and  rat  as  well  as  mouse  monoclonal 
anti-H^2M  columns  using  3M-NaSCN.  In  addition,  it  has  been  found  that  MHF 
could  be  competitively  eluted  from  monoclonal  anti  -ll^M  columns  with  pure 
^2m  (Zanders,  Lamb  and  Sanderson,  unpublished  observation).  Guinea  pig 
anti-H^2M  immunoadsorbents  did  not  react  with  determinants  present  in  monkey 
helper  factor. 

Analogous  experiments  were  performed  using  SAI/II  specific  helper  factor 
from  B10.BR  mice  (Fig.  2).  The  experiments  revealed  that  anti-H^M  likewise 
bound  helper  activity,  but  the  pattern  of  absorption  was  different  from  that 
obtained  when  monkey  factor  was  reacted  with  the  same  immunoadsorbents.  The 
functional  activity  of  mouse  helper  factor  was  absorbed  by  columns  containing 
chicken,  rat  and  guinea  pig  anti-H^M  antibodies.  The  latter  is  contrary  to 
that  observed  with  monkey  factor;  similarily  the  inability  of  monoclonal 
anti-Hj^M  to  absorb  mouse  helper  factor.  The  rabbit  anti-H^M  antibody 
also  failed  to  bind  the  activity  of  mouse  HFsai/jj. 


DISCUSSION 


Antigen  specific  factors  have  been  reported  to  react  with  antisera 
specific  for  immunoglobulin  variable  region  idiotypes  (11,21)  and  framework 


(Fv)  structures  (22).  Furthermore,  antisera  directed  against  factors  have  been 
reported  which  recognize  determinants  linked  to  the  functional  type  of  factor 
(e.g.  helper  or  suppressor)  but  not  to  determinants  related  to  the  specificity 
or  mouse  strain  of  origin  of  the  factor  (23).  These  sites  of  cross  reactivity 
were  termed  "constant  regions"  (23).  Neither  HLA  (heavy  chain)  determinants  in 
man  (Lamb,  Zanders  and  Sanderson,  unpublished  observation),  nor  those  of  H-2K 
or  D  regions  in  the  mouse  (5,24)  have  been  found  on  factors. 

The  results  presented  here  demonstrate  absorption  of  the  activity  of 
monkey  antigen  specific  helper  factor  by  chicken,  rabbit,  rat  and  monoclonal 
(mouse)  anti-H^M  antibody,  whereas  guinea  pig  anti-H^M  did  not  recognize 
determinants  in  monkey  helper  factor.  The  absorption  capacity  of  the  columns 
v/as  high  since  lmg  of  purified  anti-^2^  was  usec*  to  adsorb  1ml  of  helper 
factor  diluted  lO-*  in  all  cases  and,  thus  the  failure  of  guinea  pig 
anti-V^M  to  absorb  monkey  HF  is  not  likely  to  be  due  to  inadequate 
absorption  capacity.  This  was  verified  by  the  fact  that  the  column  absorbed 
all  of  the  mouse  HF  (Fig.  2). 

Mouse  helper  factor  also  reacted  with  anti-H^?M  antibodies,  but  with  a 
different  pattern  of  binding  as  compared  to  monkey  helper  factor.  Mouse  helper 
factor  bound  to  chicken,  rat  and  guinea  pig  antl-H^M  but  not  to  rabbit  or 
monoclonal  anti-H^W  antibody.  The  activity  of  the  latter  reagents  were 
verified  by  their  capacity  to  react  with  monkey  helper  factor. 

There  are  several  possible  explanations  for  the  failure  of  guinea  pig 
anti-human^  2^  *°  bind  monkey  factor  or  for  rabbit  anti  -human  jlplA  to  bind 
mouse  factor.  The  amino  acid  sequences  recognized  in  human^M  by  guinea 
pigs  may  not  occur  in  monkey,  if  they  do  occur  then  they  may  be  obscured  by 
other  protein  chains  in  the  total  moiety  which  comprises  active  helper  factor. 
Indeed  tertiary  structural  features  within  the  like  molecule  occurring  in 


helper  factor  may  similarly  explain  the  failure  of  guinea  pig  anti  human^  2^ 
to  behave  as  other  mammalian  anti -human  |5  2^  reagents  do.  It  has  also  been 
found  that  a  determinant  on  free  human^  2^  cann°t  be  detected  in  the  intact 
HLA  molecule.  (A.  R.  Sanderson,  personal  communication).  Similar 


considerations  apply  to  the  rabbit  anti-human 


p 2M  to  bi 


bind  mouse  factors.  The 


case  of  failure  of  monoclonal  mouse  anti-human^!  2^  to  bind  mouse  helper 
factor  however  is  different.  No  mouse  immune  reagent  is  likely  to  bind  to  a 
mouse^2M  component  in  mouse  helper  factor  because^  2^  is  monomorphic 
within  all  species  even  in  mouse  where  it  has  been  claimed  to  be  dimorphic, 

(25)  the  dimorphism  is  not  across  the  mouse  strain  differences  used  in  this 
study  (Balb/C  for  monoclonal  reagents;  B10BR  for  factors). 

The  results  are  reminiscent  of  observations  on  allogeneic  effect  factor 

(26) ,  although  the  serological  evidence  for  the  presence  of  ^2^  determinants 
was  less  unequivocal  in  this  earlier  study,  since  whole  anti-^2M  antisera 
were  used,  and  absorption  data  with  purified  antibody  was  not  reported.  It 
remains  to  be  determined  whether^?  2^  cr°ss  reactivity  is  a  property  shared 
also  by  helper  factors  which  lack  antigen  specificity  in  addition  to  the 
antigen  specific  factors  reported  here.  Furthermore,  a  factor  reactive  with 
anti-^M  antibodies  has  been  reported  that  specificity  suppressed  IgE 
antibody  production  (27).  The  antigenic  similarity  between^2M  and  helper 
factor  led  us  to  test  the  possibility  that  intact  HtoM  may  directly  stimulate 


antibody  production  by  mouse  spleen  cells  either  alone  or  in  the  presence  of 
specific  antigen.  However,  no  effect  was  found  upon  adding  H^2M  at 
concentrations  from  0.01-1 ,0j\g /ml .  (Data  not  shown.) 

There  are  a  number  of  possible  interpretations  which  can  be  drawn  from  our 
data.  The  different  patterns  of  binding  between  the  two  factors  imply  that  an 
intact^M  chain  is  probably  not  present  in  factors,  since  it  would  have  been 
expected  that  all  sera  to  Hj^M  would  bind  monkey  helper  factor.  Although 


there  is  no  precedent  for  the  production  of^M  chain  fragments,  it  is 
possible  that  helper  factor  contains  a  portion  of  the^M  chain,  or  that  a 
polypeptide  region  is  shared  and  helper  factor.  The  latter 

interpretation  appears  to  be  more  likely  in  view  of  the  evidence  that^2M 
shows  sequence  homology  with  the  Ch^  domain  of  IgG  and  serological  cross 
reactivity  suggests  that  helper  factor  contains  a  region  analogous  to  an 
immunoglobulin  Cfl  domain.  This  concept  is  compatible  with  evidence  that  some 
factors  bind  to  protein  A  (M.  Cecka  and  R.  Cone,  personal  correnunication)  and 
with  certain  anti-Ig  reagents  especially  anti-IgM  (1,5,15). 

Factors  contain  a  variable  region  which  is  "immunoglobulin-like"  bearing 
Ig  idiotype  and  Ig  framework  (Fv)  determinants  (22).  Since  anti-H^M  does 
not  react  with  immunoglobulin  (Sanderson,  unpublished  observation),  it  is 
unlikely  that  the  anti-i^2M  antibodies  are  reacting  with  the  variable  region 
of  helper  factor.  Thus  the  reaction  is  presumably  with  the  "constant  region" 
of  factors  (23)  and  this  reactivity  with  anti-H^M  may  thus  be  a  reflection 
that  the  origin  of  the  genes  controlling  factor  "constant  regions"  may  be 
products  of  the  same  ancestral  genes  that  gave  rise  to^2M* 

Clearly  further  work  is  necessary  to  clarify  the  precise  nature  and 
function  of  these  regulatory  factors.  Meanwhile  reagents  based  on  monoclonal 
antibodies  having  defined  specificity  offer  considerble  promise  in  purification 
procedures. 
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*  Mouse  (HFsai/ij)  and  monkey  (MHFsai/u)  helper  factor  induced  with 
SAI/II  were  cultured  at  a  final  concentration  of  10“^  with  10^ 
unprimed  B10.BR  spleen  cells  in  the  presence  of  0.1^,g  of  DNP-SAI/II  for 
four  days. 

**  Background  response  of  10^  unprimed  B10.BR  spleen  cells  to  0.1^g/ml  of 
DNP-SAI/II  without  added  helper  factor. 

***  Response  of  and  MHF^j/jj  cultured  with  10?  unprimed 

B10.BR  spleen  cells  without  added  DNP-SAI/II. 

Students  t  test  was  used  to  assess  the  significance  of  treated  as 
compared  to  untreated  helper  factor.  n=6,  A»P<0.05;  B.pCO.Ol;  C,C^ 

p  0.001. 


Six  other  experiments  gave  similar  results.  None  yielded  contrary 
findings. 


TABLE  1 


Antioenic  Specificity 

of  Mouse  and  Monkey  Helper  Factor 

HF 

STIMULUS* 

Antigen 

Immunoad sorbent 

RESPONSE 

Anti-DNP  AFC/culture 

DNP-SAI/II 

47+ia** 

hfsai/ii 

- 

- 

30+6*** 

+ 

+ 

- 

470+57 

+ 

+ 

KLH  bound 

80+17c 

+ 

+ 

+  unbound 

350+70 

+ 

+ 

SAI/II  bound 

410+45 

+ 

+ 

+  unbound 

27+12c 

MHFsai/II 

- 

- 

60+21*** 

+ 

+ 

- 

640+21 

+ 

+ 

KLH  bound 

97+17c 

+ 

+ 

+  unbound 

480+71A 

+ 

+ 

SAI/II  bound 

527+4 1C 

+ 

+ 

+  unbound 

107+20c 

Legend  to  Figures 


Figure  1.  Reaction  of  monkey  helper  factor  with  anti-human^ 2  microglobulin 
antisera. 

Monkey  helper  factor  (MHFsai/II )  induced  with  SAI/II  was  added  at  a 
final  concentration  of  10"^  to  10^  unprimed  B10.BR  spleen  cells  in 
presence  of  O.l^g/ml  of  DNP-SAI/II.  Cultures  were  performed  in  Marbrook 
flasks.  Anti-DNP  AFC  were  assayed  on  day  4. 

MHFsai/II  was  bound  and  eluted  (3M-NaSCN)  from  Sepharose  4B  columns 
anti-H^W  ^rom  which  antisera  had  been  insolubilized  at  Img/ml. 
Background  is  the  response  of  10^  unprimed  BiO.BR  spleen  cells  to 
0.1^g/ml  of  DNP-SAI/II  without  added  helper  factor.  Students  t  test  was 
used  to  assess  the  significance  of  treated  as  compard  to  untreated 
MHFsai/II-  n=6«  A»  P<0.05  B,  P<0.01;  C,  K0.001. 

Two  other  experiments  gave  similar  results. 

Figure  2.  Reaction  of  mouse  helper  factor  with  anti-human  2  microglobulin 
antisera. 

Mouse  helper  factor  (HFsaI/II )  was  assayed  at  10“^  final  concentration 
on  5xl06  unprimed  (input)  BIO.BR  spleen  cells  in  Costar  plates  in  the 
presence  of  O.l^g/ml  of  DNP-SAI/II. 

For  absorptions,  background  and  p  values,  see  legend  to  Figure  1. 


